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ABSTRACT

/

Ocean Acoustic Jomography data are significantly degraded if
mooring motion is unknown. An autonomous 1nstrumentAempaoy1ng a
solid state data Togger designed to track and record mooring

motion is described.

. Navigation is accomplished by simultaneously interrogating
each of three bottom mounted transponders positioned in an
equilateral triangle around the mooring’s anchor at a range
approximately equal to the depth of the tracked instrument. The
three round-trip travel times thus obtained,having a resolution
of 125uS and a SNR dependent jitter of less than 1.5mS, define a
unique instrument position and are recorded along with the time
of day and day of year.

The measurement period, the system clock and the program
start time are set via a 20mA SAIL. Since the standby power
requirement is negligible compared to the battery capacity, the
instrument may be programmed months in advance of &héﬂhep1oyment.

System endurance varies with the measurement period,
however, typical programs permit navigation for up to 21 months
at 12 points per day.

Upon recovery, the navigator data may be down-loaded via SAIL
directly to the storage medium of a suitable computer.
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1.0 GENERAL DESCRIPTION

1.1 Introduction

The requirement to spatially track acoustic transceivers
moored as part of an Ocean Acoustic Tomography experiment has led
the Woods Hole Oceanographic Institution and Benthos Inc. of
Falmouth, Ma, to develop an acoustic mooring navigation system.

The electronics module designed at W.H.0.I. and described in
this manual is used with the BENTHOS model (ES) 210-TCSSA
acoustic transceiver. Together they form a Mooring Motion
Monitoring Module (QUAD M) Interrogator.

This document serves as a system hardware reference manual
for the technical, but uninitiated user. It references other
hardware manuals where appropriate and provides system-oriented
information unavailable elsewhere. A copy of the interrogator
control program (PNAVLGR) is included as an addendum to this
manual.

1.2 System Components

Tracking is accomplished by measuring round-trip travel time
from the interrogator to three transponders. The transponders are
moored about three meters above the ocean floor and approximately
one water depth away from the mooring anchor.




Figure 1 is a block diagram of a mooring equipped to monitor
the motion of an instrument mounted near a sub-surface float.
"A", "B", and "C", are bottom-mounted acoustic transponders,
either Benthos model 210-TR17A-GF which are recoverable or model
XT-6000 which are not. The interrogator is mounted as near as
practical to the instrument tracked. The frequencies depicted
are those which were originally employed. To remain compatible
with as many tomography instruments as possible, the 13.5kHz
channel has been retuned to 12.0kHz.

The interrogator pings to all three transponders
simuitaneously at a predetermined time and at a predetermined
rate. The time required to receive a response from each
transponder, along with the time of day and date, are stored in
CMOS static RAM.

The operating parameters are set via the Serial ASCII
Instrumentation Loop (SAIL). Pre-deployment checks and data
retrieval are also accomplished over the SAIL. A formal
description of the SAIL standard is presented in U.N.0.L.S. Ref.
TAC-81-1 Aug. 1981, "Serial ASCII Instrumentation Loop (SAIL)" or
IEEE standard 997-1985.
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2.0 SPECIFICATIONS

2.1 Interrogator

The transceiver specifications, except the electrical power
source and operating life, are as listed in the Benthos operating
manual for the (ES)210-TCSSA. These two exceptions are the result
of replacing a MICRO tape recorder and its associated control
electronics with a solid state memory and a power-switched,
microprocessor-based controlier. The transceiver configured in
this manner will henceforth be referred to as an interrogator.

2.2 Power

Twenty-one 1.5 volt “D" size alkaline cells supply power for
the interrogator. The DURACELL B1300-T2, with spot welded solder
tabs on botiy lerminals is> Lhe prerferred cell.

The cells are configured as follows: Two diode-isolated
parallel strings, each consisting of 9 cells are wired in series
yielding 12 volts, then 3 cells are wired in serias with the 12
volt stack to yield 16 volts. The battery thus formed is tapped at
12 volts to power the acoustic receiver and the digital electronics,
while the 16 volt tap supplies the pinger’s power amplifier.

De-rating for temperature and storage, and assuming an
average cell voltage of 1 volt, each cell will yield approximately
10 watt hours. The above stack is therefore rated at 210 watt hours.




Making one measurement per hour, the interrogator requires fewer than
0.0045 watt hours. This yields an operating life in excess of 5
years, which exceeds the nominal self discharge time of an alkaline
cell. It is however, recommended that the battery be replaced before
each deployment.

2.3 Schedule

A measurement may be made as often as every three minutes,
or as seldom as once every 999 minutes. The time-of-day clock
must be set to the nearest whole minute. Assuming that the
clock’s oscillator was adjusted to 32.768kHz with the
interrogator at the same temperature encountered while deployed,
its time will be accurate to within +/- 5 minutes after 365 days,
i.e., the clock will lose or gain about 1 second per day. The
start of a measurement sequence may be scheduled on any whole
minute of the year. Leap years are not accounted for so the clock
will reset to day 1 on day 366 of a leap year. Note: Interrogator
S/N 005 has an alternate program allowing it to make measurements
as often as every 3 seconds or as seldom as every 999 seconds.
This system is typically employed as a recording acoustic range
finder for towed instruments.

2.4 Data_Format

The 60K RAM (Random Access Memory) allows space for 7648
measurements which, at 12 measurements per day, yields a system
endurance in excess of twenty months. After the 7649th




measurement, which will be made but not stored, the system will
enter the "tdle" mode, and no further measurements will be made.

Each measurement consists of a 16 bit time-of-day word, and
three 16 bit two-way travel time words. The time of day is
recorded with a resolution of one hour. An LSB or travel time is
equal to 250 uS. Measurement data, stored beginning at RAM
address 1000H, are ordered as follows:

Time of day, Travel time A, Travel time B, and Travel time C.
The time of day is encoded as follows:

BIT # 1514 13121110 9 8 7 6 5 4 3 2 1 0
UNITS HD HD TD TD TD T0O UD UD UD UD TH TH UH UH UH UH
WEIGHT 21 8 4 21 8 4 2 1218 4 21

Where HD is hundreds of days, TD is tens of days, UD is units of -
days, TH is tens of hours, and UH is units of hours.

As an example, a time code word of 11D6H would convert to
day 047 hour 16 as follows:
1 1 D 6
00 0100 0111 01 0110
HD T0 UD TH UH
0o 4 7 1 6

2.5 Transponder

The transponder specifications may be found in BENTHOS
report 0-210-TR17A-GF or the XT-6000 Technical Manual.




3.0 OPERATION

3.1 Power On / Reset

Following the instructions in Benthos manual 0-210-TCSSA,
section 2.1, remove the electronics from the pressure housing.
Position the electronics with the back-plane wiring facing away
from you and with the transducer on your left. Locate the power
switch near the transducer end of the instrument and ensure that
it is in the "on" position. Locate the reset pins on the opposite
end of the instrument and short them together for at least five
seconds. This will reset the digital electronics and start the
microprocessor.

3.2 Connect to SAIL

Connect to the SAIL via the banana jacks on the controller
electronics card. Insure that the loop is closed and connect a
terminal to the SAIL / RS-232 converter. Set the terminal for
seven data bits, even parity, 1 stop bit, and 300 baud.

3.3 Monitor Current

Connect a digital voltmeter between test points 1 and 2
which are located on either side of Rl on the System Control card.
The meter will read total system current scaled at 100uA/mV.
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Once the SAIL loop is closed and a full minute has elapsed, the
voltmeter will read between 60 and 80 mV. If less than a minute has
elapsed the reading may be between .3 and .6 mV. Wait for the
higher reading which indicates that the processor is awake and ready
for SAIL control.

Note: Most of the interrogators are now equipped with a LED to
monitor the switched power. With these instruments there is no
need o monitor the voltage across Rl. Simply wait for the LED to
light before attempting to address the interrogator.

3.4 Address

Once the microprocessor has detected the presence of a
closed SAIL and applied power to the rest of the system, the
instrument may be addressed by typing #In where n is the
interrogator’s serial number. A correctly addressed instrument
will respond with:

In READY
EXAMPLE #I3 <--- You type this line
I3 READY <--- Interrogator
<--- reply
The ":" in the above example is the system prompt and signifies

that the interrogator is awaiting commands. Type an H and the
interrogator will print a list of the available commands.

11




EXAMPLE

e
=

INTERROGATOR PROGRAM Ver. 1.1 Jan. 1985

SYSTEM COMMANDS

'Maaaa dddd LOAD MEMORY

™M DISPLAY MEMORY
?Paaaa RUN PROGRAM

2C CALCULATE CRC

M MOVE MEMORY

R TEST RAM

?S DISPLAY SCHEDULE
! SCHEDULE PROGRAM SCHEDULE
ITIME SET CLOCK

T DISPLAY TIME
1LOCK PROTECT MEMORY
TUNLOCK UNPROTECT MEMORY
1IDLE INHIBIT SCHEDULER
'PING TRANSMIT A 10mS PULSE

3.5 Entering Commands

To initiate a command, simply type it exactly as it is listed
in the "HELP" file. An error message will be printed in response
to an unrecognized command. Usually this message will be followed
by the "prompt", at which time you may try re-entering the
command. NOTE: Commands are NOT terminated with a "Carriage

12




Return®, but ALL numeric entries in response to system prompts
MUST be terminated with a "Space”.

3.6 Correcting Errors

Numeric entries are expected to be a certain number of
digits in length. For example, when entering the start hour, a
two digit figure is expected; but when entering the measurement
interval, a three digit figure is expected. Only the last n
digits typed prior to a "Space"” are entered ( n is the number of
digits expected ). Because of this, typing errors may be corrected
by simply typing the correct figure immediately after the error.
For example, when entering the measurement interval, if you
mistakenly type 20 when what you really wanted was 120, the
corrected entry would look like this: 20120. Similarly, an hour
entry of 2314234121 would be accepted as hour 21.

3.7 PROM Test

Test the system program memory by typing ?C and answering
the questions with 0 over 800, and 800 over 800. Verify the
correct response by comparing the calculated CRC with the values
recorded on the PROMS, IC 4 and 5.

EXAMPLE : ?2CRC From 000 Over 800
: ?2CRC From 800 Over 800

994C
EF9A

13



3.8 RAM Test

Test the system RAM by typing 'UNLOCK. The system will
respond with OK. Then type an R. The system will respond by
typing a cosmetic "am" and the words "Test From". You answer
with 1000, and the system will then type Over, to which you
answer F000. A RAM test over this much memory requires about one
minute and seven seconds. After each successful pass, the system
will type a *. Ten such passes would indicate good memory. Reset
and address the system as in 3.1 and 3.4 respectively.

EXAMPLE : TUNLOCK OK
: Ram Test From 1000 Over FOOO OK (Y/N) 2?2 Y

Je Je e Je de e Je e de e

The 'UNLOCK command is required since RAM test will
overwrite any measurements previously stored. The program will
automatically execute the !'LOCK command when the RAM test is
terminated.

3.9 Clock Set

Set the system clock by typing !TIME DDD HH MM 00 where DDD
is the year day, HH is hours and MM is minutes. Since the
interrogator clock has a one minute resolution, seconds must
always be entered as 00 and the clock must be started on the
minute. When real time is equal to the time entered, type an @.
This will start the clock. To verify that the correct time was
entered and that the clock is running, re-address the instrument
(Section 3.4) and after the prompt, type ?T. The interrogator will

14




respond with the current time plus one minute, wait for the real time
to equal the time just printed and, on the mark, printing an @.

EXAMPLE ITIME 123 21 35 00 @
#In
#In READY

: ?2T 123 21:36 00 Z...@

3.10 Schedule

Set the operating schedule by typing ISCHEDULE. The
Interrogator will ask you for Start day, hour, minute, and the
measurement interval. Terminate all entries with a SPACE. When
all parameters have been entered, the interrogator will ask
permission before activating the scheduler.

EXAMPLE  : !SCHEDULE
Start on day = 115 Hour = 18 Minute = 30
Measurement interval, minutes = 060 OK (Y/N) ? Y

3.11 Verify Schedule

Verify that the schedule has been accepted as entered by
typing ?S. The interrogator will respond by typing the current
time and schedule in addition to the system status (ARMED, not
ARMED, or ACTIVE). If the system is ACTIVE, the number of minutes
remaining to the next measurement (in HEX) and the current data

15




address pointer will also be shown.
EXAMPLE : 7S
At 115 18:10
Start on day = 115 hour = 18 minute = 30

Measurement interval = 060 minutes
Scheduler is ARMED BUT NOT ACTIVE

3.12 Test Pinger

Test the pinger by typing !'PING. The interrogator will
respond by typing OK (Y/N) ? If you next type a Y you should
hear the transmit pulse.

EXAMPLE  : 'PING OK (Y/N) ¥

3.13 Final Test

Disconnect the SAIL cable and observe the system current
immediately drop to some value below 100uA. At the next one
minute mark, the current will rise to a level near 7mA and stay
at that level for about 70mS. If the interrogator is equipped
with a LED, it will dimly flash. These observations indicate that
the interrogator is functioning correctly and the instrument may
be encased in its pressure housing. Refer to section 2.1 of
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BENTHOS manual (ES) 210-TCSSA and, following %nstructions there,
place the electronics within the pressure housing. At this point
the interrogator is ready for deployment.

3.14 Data Recovery (fast)

When the instrument is recovered, the data which are stored
in RAM may be down loaded at a high baud rate directly to the
storage medium of a suitably equipped computer. Be careful not to
interrupt power to the system in any way as this WILL result in
lost data. Proceed as follows:

a. Remove the electronics from the pressure housing (3.1)

b. Connect the SAIL to RS-232 converter box. (3.2)

c. Monitor current, and wait for the high reading. (3.3)

d. Replace the jumper pliug located on the control card
(P3) with the cable from the 5 VOLT BAUD RATE
GENERATOR. Set the baud rate generator for 9600 baud.

(see Figure 8.)

e. Connect the auxiliary I/0 port of the computer to the
RS-232 connector on the SAIL to RS-232 converter.

f. Set this port for 9600 baud, seven data bits, one stop
bit, and even parity.

17




g. Using the computer terminal (and the appropriate
communications program) address the interrogator. (3.4)

h. Type ?S to verify that the system is still "ACTIVE",
that the clock is still running, and to obtain the data
address pointer. Subtract 1000H from the current
address pointer, and make note of the result.

i. Type VIDLE to inhibit further measurements.

J. Prepare the computer to receive an ASCII data file, and
type ?M. The system will respond by printing From.
You respond by typing 1000. The system will then grint
Over, and you respond by typing the result of the
calculation done in 3.14 (h.) followed by a carriage
return.

The interrogator down loads two measurements per line. A

full memory (7648 measurements) requires approximately three
minutes to down load.
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4.0 THEORY OF OPERATION
4.1 Acoustic Electronics

Section 5 of Benthos report 0-210-TCSSA explains the
operation of the acoustic electronics.

4.2 Power Suppl

Refer to Figure 2, which is a simplified block diagram of
the interrogator. The capacitor board, the 5 volt regulator, and
the low voltage detector are the only blocks which receive power
directly from the battery. The 5 volt regulator supplies power on
a continuous basis to two other blocks, the clock, and the 60K
CMOS static RAM. ATl other blocks are powered intermittently.

Refer to Figure 3, which is a schematic drawing of the
interrogator power supply. These components are located on the
SYSTEM CONTROL PC card. Rl is in series with the 12 volt stack,
and is used as a current sense resistor for the entire
electronics package. A voltmeter placed across this resistor will
display current scaled at 100 uA/mV. The ICL 7663 is a micro-
power voltage regulator with over-current sense. The output of
this regulator is set to 5.5 volts by adjusting P1. The 2N3643 is
a series pass transistor used to supply surge current during
the power-up sequence.

The ICL7665 is a micro-power under voltage detector. Its

19
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purpose is to monitor the battery and at a preset voltage inhibit
further measurements in order to conserve battery power for data
retention. When the battery voltage drops below 6.6 volts, LV NOT
goes true (logic 0). This will stop a measurement in progress,
and inhibit any further measurements {rom being initiated. LV NOT
will remain true until the input voltage on P1-12 rises above 7.8
volts. The 1.2 volt hysteresis prevents the switch from
oscillating between true and false, which could occur due to the
difference between the open circuit voltace of the battery and

the battery voltage while the system is enabled.

4.3 System Control

Refer to Figure 4. This is a schematic of the interrogator
system control. These components are located on the same card as
the power supply. 5 volt logic power enters through diode Dl.
This diode drops approximately .5 volts so that VCC and VDD to
all components on this card will equal about 5 volts. If this is
not the case, check the adjustment of R24.

IC 5,6, and 7 provide a once-per-minute pulse. If the
rest of the system is already powered, this pulse simply
generates an interrupt for the microprocessor (IC9). If the rest
of the system was not already powered, the once-per-minute pulse
will clock a HIGH to pin 13 of IC 4. This causes pin 4 of
IC 2 to go LOW which enables system memory and turns on Q2.

VDD is applied to the remaining unpowered ICs on this card
when Q2 is on. IC 11, which was already powered, now has VDD on
input pins 3 and 6. VDD is level shifted via this IC to 12 volts
and fed through Pl directly to the BENTHOS electronics.
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Reproduced From
Best Available Copy

Figure 4: Interrogator System Control Schematic
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When VDD first goes high, a reset pulse is generated via C4
charging through R8. The reset pulse is applied directly to pin
11 of IC 15 which inhibits this IC and prevents inadvertent 1/0
operations. The reset pulse is also inverted via IC 2 and 12.
The inverted reset (CLR NOT) is level shifted via IC 11 and
routed to the BENTHOS transmitter through Pl1. This signal, along
with a slight modification to the BENTHOS electronics, prevents
the transmitter from pinging upon power up. CLR NOT is also
connected to IC 9 and 10. IC 9 is the microprocessor, and when
CLR NOT goes HIGH, program execution begins at address 0000.
The software clock is updated once the program has been
initialized, and the UART (IC 10) is examined to determine if the
SAIL is open or closed. If tha loop is found to be open, a test
is made to determine if it is time to begin a measurement cycle.
If the Toop is closed, interrupts are enabled and take over the
function of updating the clock. If the loop is open and it is not
time to begin a measurement the microprocessor generates a signal
which appears on IC 15 pin 2. This signal is then gated to the
reset pin of IC 4 via the OR gate composed of IC 2 and 3. Resetting
IC 4 causes a HIGH to appear on pin 4 of IC 2 which will disable the
memory select circuits and cause Q2 to turn off. The disable signal
is inverted by IC 3, and the LOW thus produced is connected to VDD.
Since Q2 is no longer conducting, this LOW will cause VDD to drop
rapidly.

NOTE: It is important to remember that the microprocessor reacts
to a manual reset in exactly the same fashion that it reacts to

the once-per-minute tick. For this reason, the interrogator clock,
which resides only in software, will be advanced one minute with
each manual reset, regardless of how much time has actually
elapsed.
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IC 14 and 13 divide the 1MHz clock by 250 to produce a 4
kHz square wave which is applied to pin 21 of IC 9. During a
measurement sequence, the microprocessor will increment three
separate counters on each rising edge of this signal. The action
begins immediately after a ping is transmitted, and continues
until either all three transponders reply or the counters
overflow. The reply detected signals (fl,f2, and f3) from the
BENTHOS electronics enter through P1, are level shifted by IC 12,
and latched by IC 16. The output of the latch is connected to
pins 22, 23, and 24 of the microprocessor; these are three of the
flag lines. When the microprocessor detects one of these flags,
it stops incrementing the counter associated with that reply
channel. The number remaining in the counter represents the two-
way travel time. A counter which contains all zeros has
overflowed and indicates no reply on that channel.

IC 18 converts the 20 mA SAIL levels to 5 volt CMOS levels
for the UART, and provides an output which indicates an open
loop. 1IC 17 divides the TPA clock signal from IC 9 by 26 to
provide the 16X clock rate the UART requires to run at 300 baud.

The Q4 output of IC 15 and the DO output of IC 18
synchronize the clock. Once the time has been entered, the
microprocessor generates a signal which causes Q4 of IC 15 to go
HIGH. This is the SET signal and is applied to the set input of
IC 6. Pin 1 of this IC goes HIGH and is gated by the OR gate
formed with IC 2 and 3 to the reset inputs of IC 5,6, 7. This
stops the clock’s oscillator and resets its down counters. The
start bit of any character typed over the loop will be inverted
by IC 3 and used to clock IC 6. This will remove the reset anrd
allow the clock’s oscillator and down counters to operate. If
the character was not an "@", the microprocessor will again
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generate the signal which causes Q4 of IC 15 to go HIGH, and the
cycle repeats.

4.4 Memory Control

Refer to Figure 5. This is a schematic of the memory control
electronics. These components are located on the 64K memory card.
IC 17 gates the buffered MWR NOT and MRD NOT signals with

the DISABLE signal generated on the system control card. This

signal will go true just before power is removed from the
microprocessor. When disable is true, both XMWR NOT and XMRD NOT

are false (logic "1"). XMRD NOT being HIGH holds IC 21 reset. The Q4
output of IC 21 is applied to pin 8 of IC 13; and since pin 9 of

this IC is also HIGH, its output, pin 10, is LOW. This is the

memory on (or enable memory bus) signal, and when LOW, inhibits

all memory operations by de-selecting the memory chips and by

turning off the memory bus drivers.

IC 16, 18, and the remaining NAND gates of IC 13 decode
the address lines to produce the 8K selects which enable the
HM6264 RAM chips on this card. IC 12 decodes the proper address
lines to produce the 2K selects which are required by the
27C16 PROM chips, and the HM6116 RAM chips. Since the PROM is
power switched, the 2K selects used by these chips are buffered
by IC 19. 1IC 21 is a counter and, with IC 13, is used to truncate
the memory cycle and thus conserve power. It is recommended that
the jumper from pin 8 of IC 13 to pin 11 of IC 21 be moved to pin
13 of IC 21, thereby increasing the memory enabled time by luS.
This modification, although not essential and causing a slight
increase in power consumption, will improve the system’s reliability.
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4.5 64K Memory

Refer to Figure 6. This is a schematic of the system memory.
These components are located on the same card as the memory
control electronics. A 24 pin ribbon cable connects the memory
card to the system control card. The memory is fully buffered by
IC 18 and 22 which buffer the data lines and IC 14 and 15 which
buffer the address and clock lines. Since IC 4 and 5 are power
switched the MRD NOT signal is buffered by IC 19.

Power for this card is supplied via a disconnect through two
diodes which 1solate the logic power from the memory back-up
battery. The back-up battery is composed of three AAA cells wired
in series and, if used, is mounted on the rail over the system
control card.
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5.0 MODIFIED BENTHOS ELECTRONICS

STlight modifications were made to the electronics supplied
by BENTHOS. The effects of these modifications are as follows:

a. A six-volt tap from the battery stack is eliminated.

b. Transmitting on every power-up sequence is prevented.

5.1 logic Board

Refer to BENTHOS drawing B-210-248. This is a schematic
for the LOGIC board which must be modified to make provision for
a power-up reset pulse. The power-up reset pulse originates on
the system control card and inhibits the pinger during the power
on cycles which occur at the rate of one per minute. Remove the
LOGIC board from the chassis and locate IC 2, a CD4098B. Remove
the etch between pins 3, 16, and 13 of IC 2. Connect pin 13 to
pin 16 with a short jumper. Connect pin 3 to board I/0 pin 10
with another short jumper. Clean the board of flux, and re-coat
the patched area with a clear acrylic.

5.2 Back-Plane

Clip the white wire from the pin 5 end of the 10K ohm
resistor located on the CAPACITOR card connector between pins 5
and 7. Connect this wire to pin 10 of the LOGIC card connector.
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5.3 Battery Stack

Locate the 12 pin female MOLEX connector which exits the
battery housing. Remove the orange wire from pin 1 of this
connector, and discard it. Remove the red wire from pin 2 and
place it in pin 1. Remove the white/red trace wire from pin 7
and place it in pin 2.

Refer to Figure 7. This is a schematic of the modified
stack. Using twenty-one B1300-T2 alkaline cells and two 1N4002
diodes, construct such a stack and connect it to the molex
connector as illustrated.
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Red

+12V
+ and - indicate polarity of top
cell in a three cell series string.
w--- wiring on bottom of stack
— wiring on toe of stack
Whit
------------------------- 2. +18U
Black
------------------------------------- oV
1N4002
—

siaiaialnininisls
miaisialaininials

21 MN1309 (D" Cells)

1N4002

-

Pin 1

Black

12 pin Female Molex
(Pin Uley)

Figure 7:

.

Pin 9

Interrogator Battery Pack
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8.0 APPENDIX

8.1 Deployment History

During the past five years, the interrogator has been
successfully employed to navigate more than twenty moorings set
as part of five major Tomography experiments fielded in the North
Atlantic, North Pacific, Gulf of Mexico, the Greenland Sea and
the Mediterranean.

Twice during the course of these experiments an interrogator
has failed. One system recovered from the RTE-88 experiment
failed after three months of operation. Interrogator S/N 008 was
recovered from the Greenland Sea in 1989 with a completely
depleted battery. On inspection a leaky cell in the battery
stack was discovered and may have caused the probiem. However,
both of these failures might also be attributed to a marginal
memory component forcing the program to "hang", which in turn
would disable power switching and cause the battery to drain at a
6 to 10mA rate. The modification recommended at the end of
section 4.4 should help to eliminate this type of failure.
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(_INTERRUPT )

ADUVANCE
CLOCK

(_RETURN )

Figure 9

SEND PING

(_POWER ON )

INIT.

REGSI

CLOCK

TIME
ARRIVALS

STORE DATA

ENABLE INT

(_POUER OFF )

Interrogator Program Flouw Chart
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8.2

SCRACH

CRCHI
CRCLO

STRADD

HD

TICK
NXTM

HEXMI

MINOW

S1HD

S1UM

ADDRESS

FF0O

PNAVLGR Program

INTERROGATOR GLOBAL PAGE

FUNCT

ION

UART STAT. OR CHAR
SYSTEM ERROR FLAG

USED BY

SALTTY

USED BY

USED BY HTOA

PHXIN

¥FF1

HROoOMEHMUOUAEPOAINAN & WN M

OHRUADNYOVONONTONAWN

FF2

HEBOQOQEMPOONAOAM AW R

CRC HIGH BYTE
CRC LOW BYTE

STORE ADDRESS HI

"

DEC.
"
"
"
"
"
"

H.
T.
U.
T.
U.
T.
U.

" LO
DAYS

HOURS

MINUTES

TICK FLAG
ASCII H.
T.
U.
ASCII SPACE
T.
U.
CHARACTER
T.
ASCII U.
¥ STOP CHARACTER

DAYS

HOURS

MINUTES
MINUTES

HEX MEAS.
"

HEX MINS.TO NEXT HI
"now LO

INT. HI
" LO

DEC.
"

TIME + 1 MIN.

T.D.
U.D.
T.H.
U.H.
T.M.
U.M.

40

LABEL
DSHD FF30
b §
2
3
4
5
DSUM 6
7
ASHD 8
9
a
B
ASTH C
D
E
ASTM F
ASUM FF40
b 8
2
GOFLG 3
4
DIHM 5
6
7
8
9
AIHM A
B
Cc
D
E
F
FFS50
b §
2
3
4
5
6
7
8
9
A
B
C
D
E
F

ADDRESS

FUNCTION
DEC. STRT.H.D.
" " T.D.
" " U.D.
.. " T.H.

.' " U.H'
" "

ASCII STRT.H.D.
" . T.D.
" " U.D.
" STOP CHAR.

" STRT.T.H.
" " U.H.
" STOP CHAR.

" STRT T.M.

ASCII STRT.U.M.
* STOP CHAR.

GO FLAG HI AA -
" w L0 SET
DEC. INT. H.M.
w w TN,
" " U.M.

ASCII INT.H.M.
" " T.M.
" " U.M.
" STOP CHAR.




INTERROGATOR CONTROL/DATA LOGGER (PNAVLGR.MRAC) MACRO-18 3.36 PAGE 1

AOOOON0aAN

TITLE INTERROGATOR CONTROL/DATA LOGGER (PNAVLGR.MAC)
SUBTTL WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING
Ver. 1.1 27 Feb. 1985 By Steve Liberatore

Copyright (c) 1985 Woods Hole Oceanographic Institution.
All rights reserved.

Ne muE we Ne e oSe

;A SAIL compatible micro-power Controller / Data Logger for the
;Benthos Quad-M Transceiver. All standard 1802 monitor functions
;are implemented along with extensive self test capabilities.
;The 60k (FO00) RAM memory allows space for 7648 measurements.
;The 7649th measurement will not be stored, and will cause the
;system to idle. A measurement will comsist of a 16 bit time
code word, and three 16 bit two way travel time words. When
;output to disk there will be two measurements per line. An LSB
;of travel time will be equivalent to 250 uS., and time will be
;encoded as follows:

; BIT# 15141312
; UNITS HD HD TD TD
: 1 8 4

N~ i
~d8

987 654321
UD UD UD UD TH TH UH UH UH
8 42121842

—8°

'VEIGHT 2

:Measurement data will be stored in memory beginning at address
1000H and ordered as follows:

TIME CODE, TRAVEL TIME A, TRAVEL TIME B, AND TRAVEL TIME C.
To assemble this program using the IBM PC/AT system:
First execute the Z80MJ command to enter the CP/M SHELL

;1) Type M18 =PNAVLGR.MAC

;2) After the system prompt type L18.

;3) After the LINK prompt type /P:0000

;4) Next type PNAVLGR,PNAVLGR/N/X/E

;5) Answer the MOVE question with N

;6) At the system prampt re-enter DOS by typing E

;7) Use a word processor to divide PNAVLGR.HEX. The

H two new files will be named PROMI.HEX and PRCXQ

; The PROML file contains addresses O thru 817 and the

; PROM2 file contains addresses 7FC thru FFF.

;8) Next type MOVEHEX.

;9) At the system prompt type UDLINT.

,'10) To burn the first PROM type PROML and to burn the
second PROM type PROMZ.

11) Return to the system by typing BYE

INCLUDE TINIT.MAC

KEAKKRKRRKAKK

; * TINIT.MAC *

RRAARRRKRKK AKX

+MSSWOFCODEWILLINI'I'IALIZEALLREISPERS+

~e N me wa ne
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INTERROGATOR CONTROL/DATA LOGGER (PNAVLGR.MAC) MACRO-18 3.36 PAGE 1-1
WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

1000

-~
fanry

8

3 ¥ 8 E 8 A # % 8

S NpIRRENE I I E IR IRl I AR AR A BERERE RS
3 8 8

%3
8

A0 0O0000a00000000000000000000000000000000000000000000O0

RAM
SIZE
GLOBAL
STACK

1000H ;DEFINE START OF RAM
OFO0CH ;DEFINE AMOUNT OF RAM
RAM+SIZE-0100H ;DEFINE GLOBAL PAGE
RAM+STZE-O1H :STACK BEGINS HERE

;CODE RELATIVE ADDRESS
0000H sSTART AT 0000

+DISABLE INTERRUPTS
;SETXAND PTOO
;LOAD ZEROS

;INTO

:R6 (SCRT LINK)
;AND

:R8

RF
(INTRPT) ;SET UP R1 TO BE

;THE INTERRUPT POINTER
(INTRPT)

(STACK) ;SET UP R2 TO BE
;THE STACK POINTER
(STACK)

(CLKTIC) ;SET UP R3 TO BE THE
;PROGRRM REGISTER

cEAEEEAEEEAEACACASACACHEACABERE 2 2888

R RECHCERERARERERARABERRBBBBRRARE]

(CIXTIC)
LDI (CALL) ;SET UP R4 FOR THE
PHI sCALL ROUTINE POINTER
LDI (CALL)
PLO
LDT HIGH (RETURN) ; SET UP RS TO BE
PHI RS ;THE RETURN POINTER
LDI LW (RETURN)
PLO RS
LDI HIGH (GLOBAL) ; SET UP R7 TO BE
PHI R7 ;THE GLOBAL POINTER
LDI LOW (GLOBAL)
PLO R7

;At this point, all registers are preset, so execution
;begins in register R3.
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INTERROGATOR CONTROL/DATA LOGGER (PNAVLGR.MAC) MACRO-18 3.36 PAGE 1-2
WOODS HOLE OCEANOGRAPHIC INST. OCERN ENGINEERING

0038* D3 C SEP R3

~s w0

INCLUDE SMACS.MAC

RARAKAAARRRKK

* SMACS.MAC *
KKKk dekkkk Kok

EY R Y IR TR PR

CAlZ, MACRO SUB +BEGIN MACRO CALL
.Sau, ;NO LISTING
SEP R4 sCALL
™ suB : SUBROUTINE
BNDM ;END MACRO CAIL

RETURN MACRO ;BEGIN MACRO RETURN
.SALL :NO LISTING
SEP RS :RETURN
By ;END MACRO RETURN

;This MACRO looks for UART status errors.

MACRO sBEGIN MACRO ERROR

+SALL sNO LISTING

GHI RC sRECOVER STATUS WORD
LBNZ  ERVEC sBRANCH ON ERROR FLAG
ENDM

Here is a MACRO which vhen called will sequentially
input characters and compare them with a character
string stored in permanent memory. Unsuccessful
ocomparisons will cause the MACRO to exit with a
non zero result remaining in the ACCUMULATCR.

NS N Ne N4 Ne we N

WORD? MACRO WORD sBEGIN MACRO WORD
-SALL sNO LISTING
CAlLL,  COMPAR ;CALL SUBROUTTNE
b)) WORD :PASS WORD
ERROR? sREACT TO FLAGS
GO RC sGET COMPARE RESULT
ENDM ;END OF MACRO WORD?

Here is a MACRO which when called will input an
ASCII character then exit with that character
ranammmthekmm

~s wa N4 wa “e

NN N Ns N o NN e N o N N N oo N e N e N e N e N N Ne Ne N Re Re N N e Mo e Re e R R e N N e e e e e No e e R N e R e Ne N o e e N e
5;

CHAR? MACRO ;BEGIN MACRO CHAR?
-SALL ;NO LISTING
CALL  INCHAR ;CALL SUBROUTINE INCHAR
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INTERROGATOR OONTROL/DATA LOGGER (PNAVLGR.MAC) HAle—lS 3.36 PAGE 1-3
WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

0046°

D3

3

3
93

83
A6
46
B3
46

AOOONOOOONON0OANCOOO0NOO0N0ON00ON0n

s N e Ne e e R N e e X K e N Kz N X N K K N Kz K2 X2 X K2 K X o)

ERROR? ;REACT TO FLAGS
GO RC sRECOVER CHRRACTER
2411 .| sEND MACRO DA?

Here is a MACRO which will call SALTTY, pass the
message address, and react to errors upon exiting.

e Se a4 e

TYPMSG MACRO MSG ;BEGIN MACRO TYPMSG
.SALL ;NO LISTING
CAll,  SALTTY sCALL SUBROUTINE SALTTY
™ MSG ;PASS MESSAGE
ERROR? sREACT TO FLAGS
ENDM ;END MACRO TYPMSG

This MACRO recovers the SYSTEM FLAG. This flag is
stored in RAM one location higher than the character
flag. Bit 0 indicates whether or not the system is
LOCKED, and bit 7 is used by the CRC routine.

The remaining bits may be user defined.

e %6 Mo Mo %0 a0~

GETFIG MACRO ;BEGIN MACRO GETFIG
LSALL ;NO LISTING
LDT O1H ;POINT TO FLAG
PLO R7
LIN R7 :GET FLAG
248 o :BND MACRO GETFLG
INCLUDE SCRT.MAC
ittt sttt
* SCRT.MAC *
AhkkRkkkkkkkk

+THESE ARE THE RCA STANDARD CALL, AND RETURN ROUTINES.+

THIS IS THE CALL ROUTINE, IT RUNS IN R4

e Me NG N ME N4 N N we N e

EXITC: SEP R3 sR3 IS POINTING AT THE FIRST
s INSTRUCTION IN THE SUBROUTINE
QALL:: ;THIS IS A "PUBLIC ROUTINE"
SEX R2 sPOINT TO THE STACK
(e:11 R6 ;PUSH R6 ON TO THE STACK
STXD ;AND PREPARE IT TO POINT TO
G R6 sARGUMENTS. THEN DECREMENT
STXD :TO A FREE LOCRTICN
GHI R3 :COPY R3 TO R6
PHI R6
&:Ve) R3
PLO R6
LDA R6 ;GET THE SUBROUTINE ADDRESS
PHI R3 ;AND PASS IT TO R3
LDA R6
PLO R3
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INTERROGATOR OONTROL/DATA LOGGER (PNAVLGR.MAC) MACRO-18 3.36 PAGE 14

WoODS HOLE OCEANOGRAPHIC INST.

0047

0051

€0 0039'

o=
D

RER

gRAGZILAE

ge

gﬁ %8 gﬁ

AREAANR8MRAARANRATRBANAY
88

aAaOcOaAnanannacnnnanann

nnnonnnnnnnnnnnnonnnnnnnonnnnnnonnnnn

OCEAN ENGINEERING
L8R EXTIC  ;RUN THE SUBROUTINE IN R3

THIS IS THE RETURN ROUTINE, TT RUNS IN RS

Ne ws we

EXTIR: SEP 3 :RETURN TO MAIN PROGRAM
RETURN: : :'I‘EISISA"PUBLICR(IH‘DE‘
G R6 ;COPY R6 INTO R3
PHI R3 :R3 OONTAINS THE RETURN
&an R6 s ADDRESS
PLO R3
SEX R2 sPOINT TO THE STACK
INC R2 ;GET OLD VALUE OF R6
LKA :AND RESTORE IT TO R6
PIO R6
LIX
PHI R6
LBR EXTTR ;RN MAIN PROGRAM
INCLUDE ATOH.MAC
Kkkkkkikikkk
* ATOH.MRAC *
ekxikhkikkkd

* ASCIT TO HEXADECIMAL CONVERTER *

(RC)

This sub-routine converts the ASCII character in the
low half of RC to a HEX digit, shifts this hex digit
four (4)plaestotbe1eftandretmnswithitin
sthe low half of RC.

L4

AS MO W e Ne A e N NS N N

TOH:: GO RC ;GET THE ASCIT CHER.
SMI "o $T00 SMALL ?
LENF  AERROR :IF SO GOTO ERRCR
PHI RC ;SAVE RESULT
(e:10) RC . +RESTORE
sMT "G’ :T00 LARGE ?
IBDF  AERROR :IF SO GOTO ERROR
GHIL RC :CHAR MINUS ASCIT BIAS
sMI QAH ;IS IT Q THROUGH 9 ?
IBNF  HDONE :IF SO OONVERT IS DONE
e RC ;RESTORE
SMI 118 :IS IT ASCIX ?
IBNF  AERRCR :IF NOT GOTO ERRCOR
GHIL RC sRESTCRE
18 07H :REMWVE ALPHA BIAS
LBR SHIFT ;GOTO SHIFT

HDONE: GHI RC ;RESTORE

SHIFT: SHL +SHIFT LEFT 4 TIMES
SHL
SHL
SHL
PLO RC sHEX DIGIT TO RC LOW
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OCEAN ENGINEERING

i WOODS HOLE OCEANOGRAPHIC INST.

| 00TD' F8 00

| 007F' BC

|

i 0080' D5
0081' F8 UL
0083' BC

j 0084' D5
0085' 8C
0086° FA OF
0088' FC 30
008A' BC
008B' FF 3A
008D' (B 0094’
0090' 9C
0091 FC 07
0093' BC
0094°
0094’ D5
0095' 46
0096' AC
0097" 47

OOOOQOOO

oQ

OQOOOOGOOOOOOOOOOOGGOOOOGO

AN OO nnanaan

LDI 00H
PHI RC
RETURN

AERROR: LDI GlH

~e no

No ME Np Ne |D NE N4 N N Ne N

PHI RC
RETURN

INCLUDE HTOA.MAC

* HTOA.MAC *

PAGE 1-5

;CLEAR ERROR FLAGS
sRD NON-HEX FLAG
;BACK TO MAIN

;SET NONHEX FLAG

;BACK TO MAIN

+ HEXADECIMRL TO ASCIT CONVERTER +

(RC)

§
g
R
g
B
E
¥

This sub-routine converts the HEX digit in the

:
i

;with this character in the high half of RC.

inm::

:

e S

e ms Ne we No

gaaagssss

&0y

RgREEREER

;+ ADD ASCII BIAS AND STCRE +

(RC)

:GET THE BEX DIGIT
;MASK HIGH BYTE

;ADD ASCII BIAS

;SAVE RESULT
;IS IT RIMERIC ?

:IF SO CONVERT IS DONE
;OTHERVISE,

:ADD ALPHA BIAS

:SAVE RESULT
:RETURN TO MAIN

;This subroutine will add 30 bex to the byte
;pointed at by R7, store the result using RA
:as a pointer, then increment the pointers.

~e %o we w6

:
;

R6
PLO RC

ADBIAS: LDA R7

46

This operation will be repeated n times as
specified by the in-line byte following the
call instruction.

:GET REPEAT VALUE
;SET QOUNTER
;GET DIGIT
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

0098"
OO9A*
009B*
009C’
009D’
009E'

0oAl*

00A2*

00a4'

FC 30
5

RORORESRA
g 8

888
§ 8

&

OQOOOGOOO

OOC;)OﬁGOGOGOOOOOOGOOOOOOOOOGGOO

AOCOOOO0OaO0OO00OO00n0n

ADI 30 ;ADD ASCII DEC. BIAS
SR RA :STORE RESULT

I R s ADVANCE POINTER
DEC  RC +COUNT OPERATION
GO RC ~TEST COUNTER

LBNZ  ADBIAS ;EXIT IF DONE
RETURN ;OTHERWISE CONTINUE

e na

+ DELAY PROGRAM EXBCUTICN +

N8 Mo Ne NB Ne N4 Ne s N

This subroutine will delay program execution by an amount

sof time equivalent to (120N +168)/Fc where Fc is the system
sclock frequency and N is a two byte value specified by the
:bytes following the call instruction. SCRT is expected.

DELAY: LDA R6 sLOAD DELAY OONSTANT
PHI RC sUSE RC AS A DOWN COUNTER
Loa R6
PLO RC

TSTHIC: GHI RC sOONTINUE TESTING RC
IBNZ  WSTS SWHEN BQUAL TO ZERO
& fe) RC +SPECTFIED TIME HAS
182 EXDLY sELAPSED, OTHERWISE

DECC:  DEC RC sDEC OOINTER AND TEST FOR
IBR TSTHIC sNON ZERO VALUE

WSTS: GO RC sBQUALIZE OOUNTER LOCPS
LBR DECC sAND CONTINUE

EXILY: RETURN sRETURN TO MAIK WHEN COUNT = 0000

INCLUDE RSB2R.MRC

* RSB2A.MAC *

+ RIGHT SHIFT n BITS FROM RB TO RA +

(RA, RB, RC)

N8 NE N N NG N N N8 A

This subroutine will right shift a single bit
;from register B to register A. This operation
;will be repeated a number of times as specified
;by the byte following the call instruction.

¢

47




INTERROGATOR CONTROL/DATA LOGGER (PNAVLGR.MRC) MACRO-18 3.36

WOODS HOLE OCEANOGRAPHIC INST.

00B7*
00B8'
00B9'
00BA'
uOBB’
00BC
008D
00BE

P DEREARBIAREABERABRR

EERRTEIRTAY
R

n3g
8

s ¥ Nz Nz Xz e Kz Kz Kz e Kz R N N s Nz Ee e

aq

s N Re s sz Rz s iz e e e e e Nz e e e M e R e e N R Ko e W e X e e M 2]

OCEAN ENGINEERING

RSB2A: LDA R6
PLO RC
SHRB: GHII RB
SHR
PHL 1)
GO RB
RSHR
PLO RB
GHI RA
RSHR
HI RA
an RA
RSHR
PLO RA
DEC RC
an RC
1BNZ SHRB
RETURN

LYY

INCUIDE SALTTY.MRC

!

* SALTTY.MRC *

+ TYPES MESSAGE NAMED AFTER CALL +

(RC)

LYY TR YRR PR PR YO TR YRR 7Y

This subroutine will type the message indicated

:by the call. The loop will be continually monitored,
:Any error condition will cause this routine to
sexit. The status word and the last character typed
;will be available in RC upon exiting this routine.

.
,

SALTTY::

SEX R7
DI IOW (SCRACH-1)
PLO R7
(e:1¢] RA
STXD

GHL RA
STXD

LDA R6
PHI RA
LDA R6
PLO RA

:A PUBLIC ROUTINE
;USE R7 AS THE POINTER
sPOINT TO A SCRATCH
sLOCATION IN RAM
;SAVE CLD ADDRESS
sPOINTER

;GET HIGH HALF OF
;MESSAGE ADDRESS
;GET LOW HALF OF
;MESSAGE ADDRESS

‘Enter the subroutine here if the address of the data
:to type is already in register RA.

ITYPE:: SEX R7
DI 00H
PLO R7

48

;USE R7 AS THE POINTER
;POINT TO A SCRATCH
;LOCATION IN RAM
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

00DB*
00DC’
00DD*
OODE*
QOE0*
Q0E3*
OCES'
00E6*
O0E9'
OOEA'
OOEB'
OCEE'

0113°
o013
0114’

6E

E7

6F

FA 10
C2 00E9'
F8 80
BC

€0 0108°

2 &8

™S
a2

0108'

0108"

Ee38RaRaRe

D4
00CB'

C NP DATA

C THRE?: SEX R7

C e STATUS
C ANT 108

C IBZ TSTHR
c L1 80H

C PHI RC

c LBR TXIT

C TSTHR: INP STATUS
C SHL

(o IRF  THRE?
c LIN RA

o XRI STOP

o B2 TXIT

C SEX RA

C QT DATA

C CALL  INCHAR
Cc+

c+

C GHI RC

C LBNZ TXOIT

o DEC RA

C SEX RA

o Go RC

c xR

C IBNZ  BADCHR
C INC RA

C IBR THRE?
C BADCHR: LDI 028

C PHT RC

c TXIT: LDI LOW (SCRACH-2)
C P10 R7

c 1DA R7

o PHI RA

C LDA R7

(o PLO RA

C RETURN

C+

C

~s e

;GET UART STATUS

OTHERWISE,

¢AND RETURN

+ ASK FOR FINAL PERMISSION TO CARRY OUT A COMMAND +

2 Ne NE NE Ne mg Ng NS N o~

ASKOK: CALL,  SALTTY

+

49

Type K 2 (Y/N) and input a response. Set RC.0 to 00
;upon detecting a "Y". Exit upon detecting any error
;with the UART status word remaining in RC.1.

;ASK K ?

Ak
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

0116*
o118’
0119°

oi1c’
011p*
ouLF!
0120°
0123°
0124’
0126°
0129¢
o12a'
O12n*

012B*
o1c’
012p*
012E°
012F*
012F°
0130'
0132
0133’
0136*
0137’
o138’
0139’

013D
013F*
0140°
0143°
0144’
0144’

0423°
s
CA 012n'

M
0145'
9C

CA O12n°
&

FB 59
CA 012a°
A

D5

= &
gg &8

SBAJEQTBRAR
2 2
78

(53

&

« ] (@]
QOGOOO 0Q+Oﬁﬂ

nnnnnnnnnnnnnnnnnnnnn

¥

2N e NN o N o N e Ne Ne e e R e Ny o)

-

s NeNe!

N o
G RC
LBNZ EXASK
CALL  INGER
GI  RC
IAZ  BXASK
a K
123 N
IAZ  EXASK
PO RC
EXASK: RETURN
INCLUDE COMPAR .MAC
: dokcdkdrkrkk ik ki
: * COMPAR.MAC *
: kdkkdck ARk kkkik

PAGE 1-9

LOOK FOR URRT ERRORS
EXIT IF FOUND
;GET RESPCNSE

o Ne w0

»

LOOK FOR UART ERRORS

H
:

{WAS THE RESPCNSE A "y ?

+ COMPARE RECEIVED STRING WITH STORED STRING +

e w2 we No o

(RA + RC)

L A I R T Y T )

COMPAR: LDA R6
PHI RA
LDA R6
PLO RA
CIST: QAL  INCHRR
GHI RC
IRZ  QFxIT
an RC
SEX RA
R
IRZ  DIFFER
INc RA
IDI SToP
XOR
IBNZ  CIST
DIFFER: FLO RC
QPXTT: RETURN
INCLUDE INCHAR.MAC
: Sk R Ak k Ak sk dedek ok
; * INCHAR.MAC *

50

This subroutine will sequentially input characters
and compare them with a character string stored in
permanent memory. Unsuccessful comparisons will
cause the subroutine to exit leaving a non—zero
result in the low half of register C

sGET ADDRESS OF
;WORD TO OMPARE
;USE RA AS
sCHARACTER POINTER
#GET A CHARACTER
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

0145'
0145'
0147
0148'
0149’
014n'
0148'
014D’
0150°
0152°

0153'
0154’
0155*
0156"
0159°
0158’
015E'
0160'

0161"
0162'
0163’
0164'
0166*
0169’
016B’
016C*
016C*

3
8

8%8

014a°

0162°

3

? BALPRAR RAQIFOIALE RAIIJFQARZ
S%ﬁ &

+

<+

o
R

A0 n

nnnnnnnnnnnnnnnnnnnonnnnnnnnnnnnnnonnoonn

KAAKKAKARRKKKK

++INPUT GiZPACTER AND UART STATUS FLAG TO REGISTER C +

.

(RC)

-This subroutine will monitor the UART until
;either the LOOP is open or data is available.
:If data is available, the character will be
;input and placed in the low half of RC. The

:high half of RC will contain the status flag.

I

INCHAR: : ;A PUBLIC ROUTINE
1LDY 00 ;POINT TO A SCRATCH
PO R7 : LOCRTION
FHI RC +RESET STATUS FLAGS
SEX R7 +X POINTS TO SCRATCH
NDA: INP STATUS +GET UART STATUS
ANI 108 ;IS THE LOOP CLOSED ?
1BZ TSTDA :IF SO TEST FOR DA
DI 80d ;OTHERWISE,
PHI RC ;SET ERROR FLAG
RETURN ;AND RETURN
TSTDA: LIN R7 ;RESTORE STATUS
SHR :IS DATA AVAILABLE ?
IaF NDA :JF NOT, TRY AGAIN
ANI 05H ;C (HERVISE, LOCK FOR
152 DATAIN J¥RRORS
#1) 8 208 ;IF FORND SET FLAG
PHI RC ;AND
RETURN ;EXIT. OTHERWISE,
DATAIN: INP DATA ;GET THE CHARACTER
PO RC ;AND PLACE IN RC LOW
m n'u :IS rr A u'u
LRZ  DADONE ;IF NOT RETURN
LDI 40H ;OTHERWISE SET
PHT RC ;FLAG THEN
DADONE: RETURN :RETURN TO MAIN

* GETHEX.MAC *

ARk k Ak khkkrkkk

+ LOAD RB WITH A FOUR DIGIT HEX NUMBER +

(RB + RC)

Ne Ne Se S8 ne se N ~e “e

This subroutine will load RB with a four digit hex
;number. Only the last four hex digits typed are

~
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MACRO-18 3.36

WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

016D’
016D'
016F*
0170*
o'
o017’
0172'
0174’
0175'

0178*
0119'
0178’
017¢!
O17F*
0180°
o181’
0183*
0184’
0185'
0186*
0187°
0188'
0189'
018A’
0188'
o1sc’
018D'
O18E'
o18r"
0192°

0195°

2 B3
8

282
2 &

B2RKR
21

14

BRBHBEASBARAEAR

a0 n

@200nQQ

ngnnﬁnnnnnnnnnnnnnnnnn

A0 0O0O0n00000n

PAGE 1-1

;entered. Non hex entries will cause this routine
;to exit.

-
I3

GETHEX:

.

e ~a

N4 Ne NO ny we Ne N Mo

s wa 0~

gsgeaagaageasaaaaega 958 BHEE

gaﬁﬁé B8 838 RRRRRER agﬁ §€§§

INCLADE INDEC.MAC

* TNDEC.MAC *

+THIS WILL BE A PUBLIC
sCLEAR REGISTER B

;GET A CHARACTER

;TEST UART FOR ERRORS
:IF FOND EXTT
sCONVERT ASCIT TO HEX

;LOCK FOR NOM-HEX ENTRY
:IF FORD EXIT, ELSE
;TRANSFER HEX DIGIT

;1O HIGH HALF CF RC
+PREPARE TO SHIFT

JHEX CHARACTER TO RB
7BEGIN SHIFT

;IS THIS THE FOURTH
+SHIFT ?

;IF NOT SHIFT AGAIN
+ELSE GET NEXT DIGIT

+ INPUT AND STORE DECTMAL NUMBERS +

(R9,RA,RB,RC,RD)

This subroutine will input and store n decimal digits
begimning at the address specified by the two bytes

;following the call instruction. The mumber of bytes
;to store is specified by the single byte following
;the call. Only the last n digits typed will be stored.
;Errors and non—decimal entries cause an exit which
;leaves the status word in RC.1 and the last digit
;type in RC.O. NOTE: n may not be greater than 4.
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fo

0196' 46 c INDEC: LDA R6 :GET STORE ADDRESS

0197' BD c PHI RD ;AND PLACE IN RD

0198' 46 c LDA R6

99" AD c PLO RD

019A' F8 00 c LDI O0H :ZERO REGISTER B

019C' 2B c P10 RB

019D DB C PHI RB

019E* ¢ GETDEC: CALL  INCHAR :GET A CHARACTER

019E' N4 C+

019F*' 0145' C+

O1Al' 9C c GHI RC ;TEST FOR ERRORS

01A2' CA 019" ¢ IANZ  XINDEC ;EXIT TF ERROR IS FORD
c CALL, ATCH :OONVERT TO HEX

01AS' D4 C+

0126' 0058° c+

O01A8' 9C c G RC sEXIT IF NOT HEX

0129' CA 01C9" c IBNZ  XDNDEC

O01AC' 8&C < GO RC +TEST FOR DECTMAL

O1AD' FF RO c M QACH +AND SET ERROR FLAG

O1AF* C3 01C6' c 1BF XINE ;IF NOT DECDMAL

01B2' F8 04 c LDT 04 :OTHERWISE, USING R9

01B4' 19 c PIO R9 sAS A OOINTER, SHIFT

01BS' 8C c SHFIC: GO RC +THE DIGIT A BIT AT

01B6' FE c SHL :TDE TO RB.

01B7* AC c PLO RC

O1B8' 8B c el RB

0189 7E c RSHL

01RA' 2B c PFIO RB

O1RB' 9B c fe:21 RB

0IC' TE c RSHL

01BD' BB c PHI RB

0:3E' 29 C DEC R9

O1B." 89 c Glo R9 ;TEST FOR FOURTH SHIFT

01C0' CA 01B5' c LR SHFIC +SHTFT AGAIN IF NOT DONE

01C3' 0 O19E’ c LBR GETDEC :OTEERWISE, GET NEXT DIGIT
C H

01C6' F8 01 c IINE: LDI O1H : INDICATE NON-DECTIMAL

0ics' BC c PHI RC :AND RETURN TO SAIL

01c9* 22 c XINDFC: DEC R2 :SAVE THE CONTENTS

01CA' &C c e 1) RC :OF REGISTER C

018’ 13 c STXD

01cc' 9 c G RC

01cp' 73 c STXD

O1CE' 46 c LDA R6 :GET MRBER OF DIGITS

O1CF' A9 c PLO R9 :T0 STORE

01p0* C STRDEC: CALL  RSB2A +SHIFT A DIGIT TO RA

010’ D4 C+

01D1'  00BT c+

01D3' 04 c . DB 048

om4' 9A ¢ G RA +SHIFT TO LSB

o5 F6 c SHR

0iD6* F$6 c SHR

01D7* F6 C SHR

01D8' F6 c SHR

019  SD c STR RD +STORE DECIMAL DIGIT
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Ol1DA' 2D C DEC RD :ADJUST POINTER
o1pB' 29 C DEC R9
o1pc' 89 C GLO R9 +STORED N DIGITS ?
01D* CA 01D0* C LBNZ STRDEC ;IF SO RESTORE RC
010 12 C INC R2
01El' 42 C LDA R2
01E2' BC C PHI RC
01E3' 42 C LDA R2
0l1E4' AC C PLO RC
RETURN ;RETURN 170 SAIl;
O01ES' D5 +
C INCLIDE PHXIN.MAC
C ; kAR Rkkikkikk
¢ ; * PHXIN.MAC *
C : kkkikkkkhkkkkk
C :
c H
C : + PROMPTS FCR AND LOADS RB WITH A HEX NUMBER +
C :
C ; {RC)
C ;This subroutine will prompt the operator for
c ;a hex number using the prompt message addressed
c :by the in-line code after the call instruction.
C ;0nly the last four hex digits typed are entered.
(o ;URRT errors and non-hex entries cause this routine
c :to exit with a non-zero value remaining in RC.1
Y H
01E6' (o PHXIN:: :A PUBLIC ROUTDE
OlE6' E7 C SEX: R7 . sUSING R7 AS A POINTER
O1E7* F8 09 C DI ¥ (SCRACHH]) +SAVE THE QONTENTS OF
01E9' A7 c PLO R7 ;REGISTER RA
OlEA' 8A (o GO RA :FIRST THE LOW HALF
01B' 73 C STXD
OIEC* 9A (o G RA
01D 73 C STXD ;THEN THE HIGH HALF
OlEE' 46 c 1DA R6 ;GET HIGH HALF OF
OlEF' BRa C PHI RA sMESSAGE ADDRESS
OlF0' 46 c LDA R6 sGET LOW HALF OF
01F1' BAA C PLO RA sMESSAGE ADDRESS
C CAll, TITYPE ;TYPE THE MESSAGE
01F2' D4 C+
01F3' 00D7' C+
01F%' oC C GHI RC JIO0K FOR UART ERRORS
0lF6®' Ca 0211° C IRZ  EPHN ;EXIT IF FOOND
C CAll, GETHEX sGET THE HEX NUMBER
01F9' D4 C+
OI1FA' Ol6D' c+
01IFC* 9C C GHI RC +GET THE STATUS WORD
O1FD' FAFE C ANI OFEH sMASK NON-HEX FLAG
OIFF' Ca o211 C 1BNZ, EXPHXN ;EXIT QN UART ERRORS
0202' 8C C GO RC ;WAS THE NON-HEX ENTRY
0203' FB 20 C XRI SPACE sA SPACE ?
0205' 2 0219 C 182 CIRCLO :IF SO RESET ERRCR FLAG
0208' 8C C GO RC JWAS THE NON-HEX ENTRY
0209' FB OD C RI R ;A CARRIAGE RETURN ?
020B° €2 0219' C 1Bz CLRAO ;IF SO RESET ERROR FLAG
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WOODS HOLE: OCEANOGRAPHIC INST.

020E’
0210*
0211
0213'
0214°
0215
0216*
027

0218'

0219'
021B'
oz1c'

022C’

0230’

0231'
0232*
0234'
0235'

0236'
0237'
0239’

F8 10
BC
F8 08
A7
47
BA
41
AR

D5
F8 00

BC
Co 0211°

|9

&

ARRRARRIRIANRAGE

B 2888

38

nnnnngnnnnnnnnn

nnngannnonnnnnnnnnggnnnnnnnnnnnnnnn

PAGE 1-14

OCEAN

LDI 104 sOTHERWISE INDICATE

PHI RC ;A NON-HEX ENTRY AND
EXPHXN: LDI o) (SCRACH+3) :PREPARE TO RESTORE RA

PLO R7

LDA R7 sGET OLD RA HI

PHI RA ;PUT IT BACKK

LDA R7 sGET OLD RA 1O

PLO RA :PUT IT BACK

RETURN ;G0 BACK TO SAIL
CLRC1O: LDI 00 sCLERR ERRCR FLAGS

PHI RC

L8R EXPHXN sRETURN TO SAIL

~s weo

INCUIDE TYPEC.MAC

* TYPEC.MAC *

+ OONVERT THE CONTENT OF RC TO ASCII AND TYPE +

(RC)

NE NE Ne N NE Np wp e ne o

This subroutine converts the hex contents of

sthe low half of RC to two ASCII characters, stores
;the characters at “ASCII™, and types them via SALTTY.

TYPEC:: CALL

HTOA
LDY LOW (SCRACH2)
PLO R7
SEX R?
LDY Ry\e-3
STXD
GHI RC
STXD
@0 RC
SHR
SHR
SHR
SHR
PLO RC
CALL,  HTOA
GHI RC
STR R7
CQALL  SALTTY
o SCRACH
RETURN

55

~s we we

sCONVERT LOW BYTE
sPREPARE TO STORE
sRESULT OF CONVERT
sSTORE TTY STOP

;GET RESULT OF CONVERT

sOONVERT HIGH ORDER

BYTE, GET RESULT
AND STORE IT
TYPE THEM
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023B' D5 C+

C :

C INCLUDE GET2HX.MAC

C ; ARKERRARARKAKK

Cc : * GETZHX.MAC *

C : kAR RKIkkkk

C ;

C :

C ; + GET TWO FOUR DIGIT HEX NUMBERS +

C :

C : (RA + RB + RC)

c :

C :This subroutine obtains two four digit hex numbers.

o :The first number is placed in RA, the second in RB.

c ;
023¢C' C GETZ2HX: : :THIS IS A PUBLIC

o CALL,  PHXIN :PROMPT FOR FIRST
023¢' ™M Ct+
023D' O01E6' C+
023F* 03D c ™ FROM s NUMBER
0241' oC C Gax RC sTEST FCR UART ERRORS
0242' Ca 0252° C IRZ  XHEX sEXIT IF ERROR FORD
0245 9B C GHL RB ;PLACE FIRST MIMBER
0246 BA C PHI RA ;IN REGISTER RA
0247 88 c Glo RB
0248' AA C PO RA

C CALL PHXIN ;sPROMPT FOR SECQND
0249 D4 C+
024A' O1E6’ C+
024C*' Q3EB* C ™ OVER s NUMBER
024E' 9C (o G RC :ICK FCR UART
024F' (A 0252' C 18z X2HEX ;EXIT IF ERROR FOUND
0252' o X2HEX: RETURN JEXIT
0252' D5 C+

C ;

C INCLUDE CALCRC.MAC

C M RERIAAKRAAAkkk

c : * CALCRC.MAC *

C H XA R Rk kkiiick

C H

o ;

C ;s + CALCULATE A NEW CRC VALIE +

c :

C :

C :This subroutine will calculate a new value CRC each

o stime it is called. The old value will be over

C swritten, the address pointer ( RA ) will be

o sincremented, and the block counter ( RB ) will

C :be decremented

C H
0253 F8 0B C CALCRC: 1LDI LW (CRCHI) ;POINT TO CRC HI
0255' IC C PIO RC ;USE RC AS THE POINTER
0256' F8 FF C DI HIGH (CRCHI)
0258' BC C PHI RC
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0259*
0258'
02sC’
025p*
025E'
025F*
0260'
0261'
0262'
0263'
0264'
0265"
0266°
0267
0268'
0269'
0262
o268'
026C*
026D'
026E'
026F"
02170*
0271"
0272’
0273'
0274'
0275’
0276’
0277"
0218*
0279'
i74):8
0zm'
021¢c*
ozm*
0Z7E'
02TF"
0280'

0281'

8

NERUAHAAAASRIRARAAERUARAAANS3ARARARARAIASRDY

]

ﬂQGOQOGOOGOOOOO()OOOOOGOOOOOOOOOGOOOGOOGOOO

AOOOOOOO00O00O00O0000n0n

DI

g%B%ﬁﬁﬁ@?@?ﬁ%ﬁ%QEE%EEEE%E%&%%E%EEE

~s ~a

MACRO-18 3.36

00
R7
RC
RA

R7

R7

288 AR

R7

28R

sFOINT TO RESULT

sOF FIRST XOR AND XOR
sWITH RESULT OF DIVIDE
sMULTIPLY BY 16

sPOINT AT CRC 1O BYTE

:XOR WITH RESULT CF
JMULTIPLY, AND STORE
sRESULT AT CRC HI BYIE
;GET RESULT OF SECOND
:XOR, AND DIVIDE
;JITBY 8

:XO0R WITH CRC HI BYTE
;RESULT IS NEW CRC HI
:GET RESULT OF SEOOND
:XOR AND

sMULTIPLY IT BY 32

;XOR THIS PRODUCT WITH
:THE PRODUCT CF THE
+FIRST MULTIPLY
sRESULT IS NEW CRC IO
+POINT AT SYSTEM FLAG

+ INCREMENT THE CLOCK BY ONE MINUTE +

D TR T T Y S N P R I T

(RA + RC)

This subroutine will increment the software

;clock by one minute. The year day will be
;reset to 001 one day after year day 365,
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C ;i.e., leap year not allowed ! A second clock
C :which is always one minute ahead of the system
C ;clock will also be incremented. If the “GO" flag
C. :is set, the value at MINOW will be decremented.
C ;If the new value at MINOW is equal to 1, Q will be
C ;sct indicating the start of a measurement sequence.
C H
(o ;Reserve seven locations in RAM to hold decimal
c ;time code data of the system clock.
C ;
FF10 C HD §20 .14 GLOBALA10H ;HONDREDS OF DAYS
FF16 C M BU GLOBAL+16H ;DTS CF MINUTES
c ;
C sReserve seven locations in RAM to hold decimal
C ;time code data of the system clock time + 1 minute.
C N
FF29 C S1HD BU GLOBALA+29H sHUNDREDS OF DAYS
FF2F C SlM BN GLOBALA2FH ;UNITS OF MINUTES (+1)
C H
C ;Reserve two locations in RAM to hold the "GO" flag.
C :This flag when set will be = AAAAH. The low half of the
C ;"G0" flag is set in SCEIXIL.MAC. A successful comparison
C ;between the current time and the start time will set the
C shigh half.
C :
FF43 C GOFIG BYU GLOBAL+H43H ;GO FLAG
: C H
C H
0282' 7B C MIAK:: SBQ ;USE Q AS A LOOP COXNTER
0283' E7 C SEX R7 ;USE R7 AS A POINTER
0284' F8 16 C LDX oW (0 +POINT AT SYSTEM TIME
0286' A7 C MCIK: PO R7 ;START HERE FOR PASS
0287 07 c LIN R7 ;GET INITS OF MINUTES
0288' AA C PLO RA
0289' 1A o INC RA :ADD 1 MINUTE
028R' 8n (o (e-7) RA sGET NEW MIN. COUNT
028B' FB OA c IR Q0aH :IS IT NW 10 ?
028D' CA 034E* c LBNZ  STRNEW ;IF NOT, STORE NEW MIN.
C ;
0200' 73 o STXD ;STORE A O AT U.M.
0291* 07 C LIN R7 ;GET TENS OF MDNUTES
0292 RA C PLO RA
0293' 1A c INC RA sADD 1 TO TEN MIN. CNT.
0294' 8n C G0 RA ;GET NEW TEN MIN. CNT.
0295 FB 06 C X1 06H ;IS IT NOW MINUTE 60 ?
0297 CA 034E' C LBNZ STRNEW ;IF NOT STORE NEW T.M.C.
C H
0292 713 C STXD ;STORE 0 AT ™
0298 07 (o LDN R7 ;GET UNITS OF HOURS
029C* AA (o PLO RA
029D' 1A (o INC RA ;ADD 1 TO WOTS OF HRS.
029E' 8A C GLO RA ;GET NEW U.H. QOUNT
029F' FB OA C XRI OAH ;IS IT NOW 10 ?
02A1' €2 034n° C 1BZ INCTH ;IF SO INC. T.H.
02A4' 8A C GO RA ;RESTCRE NEW U.H. QNT.
02A5%' FB 04 C XRI 044 JISITTNW 4 2
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O2RT'

O2RA'
- 02AB'
Q2rc’
O2AE'

02B2'

0283’
0285°
0286°*
0z287*
o’
0289°

028C'
02BF"
02co’
ot
o2’

0207*

020F"
0280
02E2°*
0283’

02E4'
02ET’
02ES’

CA 034E'

47

FB 02
A 034E'
3

8

o
8

RRELIEEEIRD
&

2
8

€9 0300°
F8 10
A7

NDOOOOAOOOaOO0O00O0aGaaOO0O00OO000a0aO000a0a0a0000000a000000a0000000a0a00

OCEAN ENGINEERING

LBNZ STRNEW ;IF NOT STORE NEW U.H.C.

.~

;The units of hour counter is now 4. If the tens of hour
;oounter is now 2, both these counters will be reset, and
;the units of days counter will be incremented.

ENPIIEN

DEC R7 ;POINT AT TENS OF HOURS
LDA Rl +GET TENS OF HXURS
IRI O2H ISTTNW 2 2

LBNZ  STRNEW sIF NOT STORE A 4 AT UH
STXD :ZERO TO WNITS OF HOURS
STXD ¢ZERO TO TENS OF HOURS

This loop will up date the days counter.

~e ne =

LDI 03d sSET LOOP COUNTER
PLO RC

UPDATE: LIN R +GET A DAY DIGIT
PLO RA
INC RA +ADD 1 DAY COUNT
G0 RA sGET NEW DAY COUNT
IrRI OAH JISTTNOW 10 2
IBNZ  STRNEW ;IF NOT STORE NEW DAY COUNT
STXD sZERO THIS DIGIT
DEC RC sDEC. LOCP OOUNTER
G RC +IF THIS COUNTER IS
LBNZ  UPDATE ;ZERO EXIT THE LOCP

:If it is year day 366, reset to day 001

LYPYR?: LENQD  PSIHD H
LDI 704 (HD) ;OTHERWISE POINT AT HD
LYPYR1: PIO R7 :

LDA R7 ;IS IT DAY 3pn ?

XRI 03H :IF NOT RETURN TO MAIN.
Bz TSI ;IF IT WAS DAY 3mn,
A R7 ;IS IT DAY 36n ?

XRI 06H :IF NOT RETURN TO MAIN.
IRZ TS0 :IF IT WAS DAY 36n,
N R7 ;IS IT DAY 366 ?

XRI 06H :IF NOT RETURN TO MAIN
IBZ TSI ;IF IT WAS DAY 366,
DI 018 ;RESET DAYS 70 001
STYD ‘

1DI 00H

STXD

STR R7 ;AND RETURN MAIN

:If Q is set this is the first time through the loop. Point
;at time plus 1 minute, copy current time to this local, reset
) and go through the loop a second time. If Q is mot set, test
;the condition of the "G0" flag.

TSTQ: LBNQ  TSTGF :TEST Q AND IF SET
DI Low (HD) ;Q0PY CURRENT TIME
PLO R7 :TO S1HD
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O02FA' F8 29
02BC' AA
02D 97

0ZEE' BA
02EF* F8 07
02F1' IC

o2t 41

02F3' SA
0F4' 1A
0zFs' €
0Zre' 8C
01" (A 02F2'
02FA' F8 2F
0ZFC' T7A
0ZFD' (O 0286°
0300' F8 43
0302' a7

0303 47

0304' FB AR
0306' (A 0328’
0309' o7

030A' FBAA
030C' (A 0328'
Q30F* F8 26
031 a7

032" 47

0313* BA

0314' 07

0315' M

0316* 2A

0317 &

0318' 13

0319' 9a

031a' 57

031B' Ca 0358°
031E' &

031F* FBO1
0321' CA 0358'
0324’ 7B

0325' €0 03%8'
0328' F8 30
032a' AR

03z2B' 97

OO0 O00000000000000000000000O0000O00OCO0AA00OCO0NONNOCONN00CA0AAON

LDI LW (S1HD)

P1O RA ;USE RA AS A POINTER

GHL R7

PHI RA

LDI OTH ;USE RC AS A LOOP COUNTER

PLO RC s INTTIALLY SET TO 7
CPYTIM: LDA R7 ;GET A DIGIT OF CURRENT

STR RA ;TIME AND STCRE IT

INC RA sMOVE POINTER

3.084 RC sTEST COUNTER

GLO RC sAND IF DONE

1Rz CPYTIM +POINT

DI fe /) (S1UM) ;AT TIME +1 MINUTE

REQ sRESET LOOP COUNTER

LER M2GK ;GO THROUGH AGAIN
:Since Q was not set this is the second pass through

;the loop. Decrement the measurement interval counter,
;if and only if the “GO" flag is equal to ARARH. If
;after decrementing the measurement interval counter
;its new value is O1H, request a measurement by setting
:0 prior to exiting. ‘

TSTGF: LDI LW (GOFLG) ;POINT AT GO FLAG
PLO R7
LDA R7 ;AND IF NOT SET EXIT
XRI OARH
LBNZ  TSTIME :IF SET, TEST FR
LIN R7 sSTART TIME
XRI OARH
LBNZ  TSTIME
LDI LW {MINOW) ;GET CURRENT INTERVAL
PLO R7 sCOUNT AND DECREMENT
LDA R7
PHL RA
LIN R7
279) RA
DEC RA
G0 RA ;SAVE NEW INTERVAL
STXD
GHI RA
STR RT - :
LBNZ  TSTIKK ;EXIT IF NEW INTERVAL IS
G0 RA sNOT BQUAL TO 1 MINUTE
XRI OlH
IBZ  TSTIK
SR ;OTHERWISE, SET Q FIRST
LBR TSTICK ;THEN EXTT

Compare current time +1 minute with start time. If they
;are equal set the GO flag and request a branch to the
;measurenent sequence by exiting with Q set.

. we “s

TSTIME: LDI oW (DSHD) ;POINT AT START TIME
PLO RA ;USING RA AS THE
GHI R7 ; POINTER
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WOODS HOLE OCEANOGRAPHIC INST.

03¢’
0320
032F"
0330°
0331
0332
0334*
0337
0338'
0339'
033¢'
033p'
0340"
0342’
0343"
0345
0346"
03471

o34’
0348’
034C’
034D’

034E’
034F"
0350’
0353’
0355’

0358’
035a°
0358°
035¢C!

035F"'

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnonnnn

a
+

N NeNeNe N Ne e Re NN R N R Ko

PHI
DI

~e

]
§EEYE 9EEY EHYEEEEEEEREAAE

-

:

:

e Ne e g e

RA

LW

R7

R7

RA

LW
SGOFLG
RA

TSTICK
R7
NXTXOR
LW

R7
OARH
R7

TSTIK

TSTICK: LDI LW
PLO R7
LN R7
LBZ ENTINT
RETURN

(51HD)

(DSHD+T)

(GOFLG+1)

(S18D)

(TICK)

INCLUDE IINTRPT.MRC

* INTRPT.MAC *

s Ne ve w4~

PAGE 1-20

sPOINT AT SYSTEM TIME
;PLUS 1 MINUTE

sCOMPARED ALL SEVEN ?

;IF SO SET GO FLAG
;OTHERWISE, GET NEXT
;AND COMPARE
sBRANCH TO TEST TICK

sON A MISMATCH, OTHERWISE
s CONTINUE

¢SET HIGH HALF OF GO FLAG

RBQUEST A MEASUREMENT
EXIT

s ~a

ZERO TO INOTS OF HOURS
sGET TENS OF HOURS

* wo

;ADD 1 TO TENS OF HOURS

;GET NEW COUNT
:STORE ‘IT
RETURN TO MAIN
+SEOCOND TIME THROUGH
sPOINT AT FAST CLOCK

o ne w

Depending on the state of the tick flag, this routine
will return to either the main program or the interrupt
service routine.

;FOINT AT TICK FLAG

+EXAMINE FLAG
:IF NOT SET RETURN TO INTRPT.
7OTHERWISE, RETURN TO MAIN

:+ THIS IS THE INTERRUPT SERVICE ROUTINE +

.
.
’
-
.

This routine handies interrupt requests. The only

;interrupt which can occur in this system is the
;one minute tick. The purpose of this routine is
;simply to update the clock. Two exits are possible,
;the normal exit, and the forced exit. A forced exit
soccurs when upon returning from the routine which
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0360°
0361'

0362'
0363'
0364'
0365°
0366'
0367'
0368’
0369'

o3ea’
036C'
036D"
036E*

037’
0372*
0373'
0374'
037%°
0376'

037"
037’
03’
037F*
0380*
0382'
0383'
0385*
0386'
0388’
0389’
038’
038B’

038E’
038F"
0390’
0391’

F8 17

A7

7

CA 038E'

13
R
3

73

€0 0282'
C9 038’
F8 4B'
A3

F8 OF'
B3

F8 FF
A2

F8 FF
B2

D3

E2

C0 039A°

SR Y

A0 0000 NOaO0000O00N000a0a0Ca0a000O0000O0000000a0n000A"

OCEAN ENGINEERING

;advances the clock, Q is set indicating the start
;of a measurement sequence.

EXINT: SEX R2 sRESTORE STACK POINTER AND
RET ;DNABLE FURTHER INTERRUPTS
INTRPT: DEC R2 ;POINT TO A CLEAR LOCATION
SAV sSAVE OLD X AND P
DEC R2 sMOVE TO NEXT LOCATION
STXD sSAVE ACCUMULATOR
RSHR :MVE DF TO MSB OF D
STXD ;SAVE IF
GO R7 ;SAVE THE CONTENTS OF R7
STXD

;At this point we have preserved enough of the
;register data to safely test the tick flag and
sexit if it is set.

1LDI o (TICK)

PLO R7

LIN R7 ;GET TICK FLAG

LRNZ XINTF EXIT IF SET
:Tick flag was not set so continue saving registers

-
’

GO RA sSAVE RA

STXD

GHL RA

STXD

G0 RC +SAVE RC.0
STXD

;With these registers preserved the clock may
;now be incremented.

’

1BR MIAOK ;INCREMENT THE CLOCK
ENTINT: LEBNO RSTRX ;IF Q IS SET, LOAD R3

LDT 7o (MSRSEQ)

PLO R3 ;WITH THE ADDRESS OF

1DI HIG {MSRSER)

PHI R3 sMEASUREMENT SEQUENCE

LDI LOW (STACK)

PLO R2 ;RESTORE STACK POINTER

LDI HIGH (STACK)

PHI R2 +AND

SEP R3 ;EXIT INTERRUPT, OTHERWISE
RSTRX: SEX R2 ;RESTCRE POINTER AND

LBR RESTR  ;RESTORE ALL REGISTERS

This is the fas. .nterrupt exit

e me o

XINTF: INC R2 ;POINT TO OLD R7.0
EXCON: LDA R2

PLO R7 ;RESTORE R7

Lba R2
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0392'
0393*
0394’
0395'
0396'
0397"

88&BRH

0360’

039A°
039B*
039C’
039D"
039E'
039F*
03r0*
03a1*

SERERARE

Q38"

03p4' F8 17
03R6' A7

a0 0an

AAOOOOOOO00O000000000000000000N000000NAO0OC0O00A0

SHL ;RESTORE DF

LDA R2 ;RESTORE ACCUMULATOR

SEX R1 ;ENABLE INTERRUPT HARDWARE
ot CLRINT

DB 00

LBR EXINT ;EXIT INTERRUPT ROUTINE

This is the slow interrupt exit.

~4 ne N

RESTR: INC R2 sPOINT TO OLD RC.0
LDA R2 ;GET RC.O
378 RC sRC.O
1A R2 ;RESTORE RA
PHI RA
LDA R2
FLO RA
LBR EXOON  ;CONTINUE RESTORING DATA

~e ag

* SATL DRIVER (SAIL.MAC) *

® ae ws NS w§ o

:the operating system of any SAIL oriented instrument
:may be based. The program expects the UART to be an
;1854 and the CPU to be an 1802. The UART should be
:located at I/0 ports 6 and 7, and have its ES (bar)
;input connected to a loop status indicator. The RCA
Standard Call and Return Technique (SCRT) is used.

1. Define the NAME of the SAIL device.
2. Define the PRCMPT character to be used.
3. Change the HELP file as required.

Define a few RAM locations.

AR YIE LK PR PN PO PR Y IR

SCRRCH BQU GLOBALAS +A SCRATCH LOCATICN
CRCHI BN SCRACHS +CRC HI BYTE
RO BU CRCHI+1 ;CRC 10 BYTE

;Note that GLOBAL will always be address nn00 and
;defines the start of a RAM page to be used by all
sroutines. The first location will usually contain
;either the last character typed or the conteuts of
;the UART status register. The second locatiom is
;reserved for the system error flag. Register R7
will always point to some GLOBAL location.

* CUSTOMIZED FOR INTERROGATOR DATA LOGGER *

o KAARKAKAAKEAEARA R ARRAK KRR XR AR RALAARA AL LR

LY BT Y YRR

~e o~

CIKTIC: DI oW (TICK)
PLO R7

63
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O3AT*
03a9°

O3AR'
03aB’
03aD*
0380'
03B2'
03B3'
0385"
03B6'
0387"
0388’
03B9'
03Ba’
0388’
03BD*
03BE'
03co*
031’
03c4'
03cs!
03C6'
0T
03c8’
03c9'

03cc!

003

0020

0007

0012

F8 01
57

5

49 32 TE

OOOGOOOOGOﬁﬁ(’hﬁOOGOOOOOOGOOOOﬁﬂﬂﬁﬂﬂﬁﬁnﬁﬁﬁﬂGOOOOOOOOOQQOGO

LDI 01H ;SET THE TICK FLAG

STR R7

CALL, MIAK :ADVANCE THE CLOCK

LBQ MSRSED ;IF TIME MEASURE, OTHERWISE
SAIL: LDI 0id :POINT TO THE FLAG

PLO R7 ;WORD AND

DI O0R sRESET ALL BITS

SEX R7

STXD

NP DATA +CLEAR URRT DA BIT

SEX R3 sONFIGURE UART

T STATUS

DB ONFIG

1DI LW (TIK)

PLIO R7

DI 00H :RESET TICK FLAG

STR R7

ILBR ADDRS? +TEST FOR CLOSED LOCOP
EXIT: SEX R3 +CLEAR INTERRUPT LATCH

aJT CLRINT

DB 00d

DIS :DISABLE INTERRUPTS

B8 33

LBR MAIN ;EXIT THIS MOIULE

:The device NAME may be any combination of alpha-
;numeric characters.

NAME: DB 2", STOP ;DEVICE NAME
SToP BU ke sMESSAGE TERMINATOR
:Pick a character to be used as an instrument PROMPT

PROMPT BU bt ;THIS IS THE PROMPT

~e

:Define the hex equivalent of an ASCII carriage
sreturn,line feed, space,nul, bell, and, etx character.

(o BU ODH
LF B OrH
NUL BU O0H
SPRCE BU 208
ETX BU 03H
BEL B 0T

“The UART is configured for 7 data bits, even parity,
;:and 1 stop bit. This configuration may be modified
:by changing the byte stored at CONFIG.

('IllFIG BU 12H ;UART OONFIGURATION

:Define the I/0
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0001
0002
0003
0004
0005
0006
0007

03C¥*
03po*
03p3*
034’
03D6’
03pa’

&

A28
BH3 H

SREAARANBLERINBIRABIESEEY

)
)

BIFNSNER/EEE SBAGEAAER8ES
8 gH4NsddEd 6d B8K &GHHAS

I8HAEGS

SRE28IIRREBIIABELEHEIBE
RSB ANSSSIHEBCSSRNBLEARHBORIEASEEBSEHIRBEE8H 8

SBE&SE
ROHEd H8 BH

-3
e

ﬁO(')O0OGOOOOOGOOQO\‘)OOO0000QOOOOOOQOOGGGOGOOOOOOQO0000000(\

SELECT BN
PWRRST BQU
PING BWU
STPCLX BYU
CLRINT B
DATR  BU
STATUS BN

O1H :

02y ;POWER LATCH RESET

03H :

04H :

05H ;s ACKNOWLEDGE THE INTERRUPT
06H ;UART DATA, IN QR OUT

OTH ;UART CONTROL OR STATUS

:Stare a few often used messages

B B8 8 B BEEEEES

ICX: DB
UNLOCK: DB
DE: m
ING: .}
xX: B
K22 B
PRMPT: I8
ERROR: I8
OVE: h
READY: DB
SECS: IB
AT: DB
TIME: DB
SCED: DB
STDAY: DB

"ot

LF,CR,STOP

SPACE

SPACE, STOP
LF,CR,SPACE, STOP
"RC", STOP

* From “,ETX,STOP

* To ", EIX,STOP
* Over “,ETX,STOP

" = u'm -
" CLEAR",STOP

" NOT ALLGWED!(“,STOP

“ING", STCP
" mﬂ'm
" R (YA) ? “,EIX,STCP

LF, CR, SPACE, PROMPT, SPACE, ETX, STOP
SPACE, SPACE, "WEAT ?",BEL, STOP
“ove" , STOP

" READY", STOP

SPACE,"00... ", STOP

"e",STeP

CR,LF," Start an day = *,STOP
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: T

s 2 g

:

, § : :

m B : Eg E

o 9 ® g
b E O
Por 3 N
SR s 7 T 3
! = K] & -] 8 KR8 8K 8 8

-
-
.
-
.
-

PP B : : jg F

CCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

ACTIVE
MIMIN:

SR B2 SSR9LUINIRIBR RINR IRER SVVBRIBKINBH ¥ RZE RIFRITR J
H2oE3] BNRKRNBRYIEBTA |SBBR JRY BRIIGRK’IFYT ¥ RKRBR®D CBBYIBRER
BERANHRLASTYIIERLR] S383 YT RERAZBESRYNE IKSTRRILIBIRYILRESS
RTARELRRERAS R RENPEECLIEIRIEIUNEINBSRLSEINBHENRETNRRIRINS
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0539°
053D*
0541’
0545°
0549°
054D’
0551°
0555°
0559°
0558"
055F"
0563"
0567°
056B*
056D"
05N’
0575'
0579'
o’
0581’
0582'
0586'
o58a’
058C’
0590'
0594'
0596
059A'

[ e A R AR ] [a 3 3¢
HNU‘U‘URU\O

B "two (2) minutes.",BEL,STOP

a8 8ANJFABRS

ARMITL: IB "ARMED BUT NOT ACTIVE",STCP

NOTARM: DB "NOT ARMED",STOP

SAT: DB LF,” AT “,ST0P

m n*"'m
RMTST: DB “am Test",STOP

FPERRESRERERNERAEQEBRIGBIE8IENSS
UGS BEHCN BRBBEHIBRIBITIZIFAAS
HE HE &8 G855 &6 HIABSE

a8 ¥8 BR KRBSSE

This is the HEIP file. It contains an explamation
of the common 1802 monitor functions accessible
;via the sail loop. Special functions that apply
sto the program in which this module is placed may
;be added here. The monitor functicns included are:
;7M, M, SP, 'LOCK, !WNLOCK, and 2C

4 S na No

HEILP: DB R,1F,LF
B ' INTERROGATCR PROGRAM"

SBASGS
SEESH

B * Ver. 1.1 Jan. 1985"

RARES
28888

05CD’
05D1°
05D5*
059"
0sDD*
O5E1*
05ES'

R, LF,IF,IF .
" SYSTEM COMMANDS",CR,LF,LF

OO0000O000O000000000000000000000000000000000O000NO0O00C0OOQNO0ONO0OON

3

!
BLEBUSSSHIREBATSHENS
SSECEBESRRENIBERSAGRE

REESGTS
SEREBESS

DB " !Maaaa dddd"

67
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0SE9’
05ED*
05F1'
05F2°
05F6"*
OSFA'
OSFE'
0602'
0604'

0672"
0677’

0682
0683'
0685"
0689'

0691°
0695'
0699'
069D
069F’
O6Al'
06R5'
06A9'
06AD'

EERRERS
Sgxay 2o
apay 20
aspEy 28

ENENNBEY
SERREBIVH
SHEERBES

“8%3%8888889

HEREB3

ARNRBEY
SSSBB2R
BERR82S

EEANRNNRES
CERRRRRS
ENERRNS
SRERNNE

8

VYL
S5HER8838
aNERE88 8
LEE8BB6

gﬂssaazsgws

SernnNNss
REBNNY
AHERNBS

BB
=R
SRRt
BEBD

B8P

8%

B8 2

B8 2

B8 %

B8R

ORODH
“ ?cl

OAODH
" ?S"

68
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" “CHLCULATE CRC"

", "TEST RAM"

" "DISPLAY SCHEDULE"
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06B1"
06B5*
0689’
06BD*
06Cl’
06C3"
06C5*
06C9’
06CD’
06D0"
064"
0608 *
oeIc’
06ED’
O6EA"
06ET"
06E9"
O6ED'
06F0'
06F4"

BE8LNY
BOARR
Sees

o
B

CERE35EY
RZ8E8Y8 RO

ERNUBBVEGER GHBLABIGER

CREEBEKE 6088 X

ERENENERS IR N ARERNNAERSEEREN
CRERREY

gg$$88888883888683

BHENYEESY

SR888
BXE BYBR
8K BE38

[$,}
[ 8]
Sgse

NENSERANNSEENS
NAROENIENNNAS
RER U553 SNER

LEEY BSBS

[= 3%,
88

nnnnnnnnnnnnnnonnnnnnnnnnnnnnnnnnnnnnnnonnnnnnnnnnnnnnnn

MACRO-18 3.36 PAGE 1-28

OCEAN ENGINEERING

3 2

B2

B8

B2

B2

8 g

ORODH
“ {SCHEDULE"

" " “PROGRAM SCHEILE"

" TIE"

“ w . "m‘ ml

ORODH
” ?l"
" *,“DISPLAY TIME"

QRODH
" !ml . " "

“PROTECT MEMORY™

OAODH

v oK, " "

“UNPROTECT MEMORY™
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WOODS HOLE OCEANOGRAPHIC INST.

0778*
o7’
oTTE’
0782"
0786'
078a’
Q78E’
078F"
791"
0795°
0799'
079p'
o7A1’
07a3°
077"
OTaB'
11/:\
07B3'
07B7'
07BB*

07BC'
OTBD’
07eE"

0700°

o’
o1c2!
074’
o7cs’
07C8"*

07C9’
Q7C9*
o7’
o1cC!
ocE’
07CF"*
o2’

076’

SEBHEEN
B8 8
G588 8

NNRERS
SHORNER RBRHR
SAUEEE BRBY

HEBEBUEBEVENELRINGRS
GEBRER

65
10
33
0145°

CA 0939’

0128’
03cc!

CA 0939'

QA O7BC’
0 08p2°

s R e NN e NN e N e N e N oW e N oW e e N e N N Xe R R Re R No e oo e e Ne e N N Ne

2299

C+

()OOGOQ

O A

e % N ap we

DB "INHIBIT SCHEDULER"

w OAODH
m " !PM“'I' "
DB “TRANSMIT A 10 mS PULSE",CR,LF,STOP

If data is available, the loop is closed.
Enable interrupts which will take over the
function of incrementing the real time clock,

and look for the address sequence. (§NAME)
ADDRS?: SEX R3
T CLRINT sRESET INTERRUPT
DB 00H +HARIMARE
RET sENASLE INTERRUPTS
B 33H
CHAR? sRECEIVED A "#" ?

’

;Since the # was received, set up to receive NAME

DEVICE: WORD? NAME

10K FOR "NAME"

IBNZ  RDDRS? ;TRY AGAIN
LBR IDENT ;IDENTIFY INSTRUMENT

;AT THIS POINT THE INSTRUMENT IS CORRECTLY ADDRESSED

’

’

INCLUDE ISQMDS.MAC

kAok ok Kk ke ke dokok &

* SQMDS.MAC *

70

L




INTERROGATOR CONTROL/DATA LOGGER (PNAVLGR.MAC) MACRO-18 3.36 PAGE 1-30
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C ; AAKRR K ARARKAK
C :
C :+ R, 2C, M, 'M, SP, M, R, WOCK+
c s +18, ?S, 'T, 7, \IDLE, !PDC +
C ; +IUNLOCK COMMAND INTERFRETER +
c :
c :
C ;Test the first character received after a correct
C ;addr&ssequence.ltstmldbeanﬂ,u,R,?, !, or §S.
C ;If it is not, generate an error message.
C ;
079' F8 17 c QODIN: IDI LN (TICK)
07TDB' A7 C PLO R7
07DC' F8 00 C 1F1) 8 (ve:) :CLEAR TICK FLAG
0TE' 57 C STR R7
c CHAR? :GET A CHARRCTER
OTDF' D4 c+
OTE0' 0145° Cc+
0TE2' 9 c+
07E3' CA 0939° c+
0TE6' &€ c+
QTE?" FB 48 C IRI "B ;IS IT AN "H"
07E9* C2 0905' c 1LBZ HLPOUT ;IF SO TYPE THE HELP MESSAGE
OTEC' &€ C G0 RC +OTHERWISE, RESTORE CHARACTER
O7ED' FB 3F o XRI " JISTTAM"?
OTEF* C2 080D’ C 18Z CorM ;TF SO TEST NEXT FR COR M
oT2' & (o GO RC ;OTHERWISE, RESTORE CHARACTER
07F3* FB 21 o XRI i ;ISITAM"I™?
07FS'  C2 082F' C LBZ MorL ;IF SO TEST NEXT FOR M CR LOCK
O7F8' 8C C Go RC ;OTHERWISE, RESTORE CHARACTER
0TFe' FB 24 C XRI gy JISITAYS" ?
07FB' C2 08B1' c 182 P? :IF SO TEST NEXT FOR P
OTFE' §&C C G0 RC ;OTHERWISE, RESTORE CHARACTER
OTFF' FB 4D C XRI ' ;IS IT AN "M ?
0801' C2 OADF' (o 1BZ MOVE :IF SO GOTO MOVE
0804’ 8C (o Gw RC ;OTHERWISE, RESTORE CHARACTER
0805' FB 52 (o XRI *“R" ;IS IT AN "R" ?
0807° C2 0BDS' (o 182 RAMIST ;IF TEST RAM
c :
C :This ends the test for the standard sail commands.
o :Enter any additional command tests after this
C scomrent .
C :
C + xxaxx ADDITICNAL COMMAND TESTS GO HERE **kaswxik
C H
080A"'  CO 08F9' C 18R ERROUT :NOT A RECORUZED COMMAND
C :
C -Determine the character which follows "?". It should
C :be either a "C", "N, "T" or an "S". If it is not, type
C :the error message and go to PRMOUT.
C :
080D’ C CorM: CHAR? +GET THE NEXT CHARACTER
080D' D4 C+
080E' 0145 c+
0810' < C+
0811' CA 0939' c+

71
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0814"
0815°
0817
O81AR'
081B*
081D’
0820°
- osn'
0823'
0826'
0827'
0829’

08’

082F'
082F*
0830'
0832’
0833'
0836’
0837°
0839*

033C*
083D
083F*

0342*
0343"
0845*
0847

0848'
084C*
084r"
0850°
0852*

0855°
0856°
0858*
085A°
085B"
035E"
085F*
0862°
0863*

SIRLIARBIBLIR
8L 35 b
g% &° §

gs

CO 08F9*

e

QOOOOOO(\OOOGOGOOOOOOO

aaa
PP

Q

Xz X2 K N X2 Bz N N Ne!

?Q

e ;JISITA"C ?

CRC ;IF SO GO TO CRC

RC ;OTHERWISE, RESTORE CHARACTER
M ;IS IT AN "M" ?

QUERRY ;TF SO GO TO QUERRY MEMORY
RC ;OTHERWISE, RESTORE CHARACTER
“™ JISITA T

QUETIM ;IF SO GO TO QUESTION TIME
RC ;OTHERWISE, RESTORE CHARACTER
"s" ;Is rr AN "s! ?

ORYSCED ;IF SO TYPE SCHEDULE

REBRHEEREEKE

*x%% ENTER ADDITICNAL "?" COMMANDS HERE ****

~e wa o ne

LBR ERROUT ;IF NOT, TYPE THE ERROR MSG.

’

;Determine which characters follow the "!". They
;should be either an “M", "LOXX", "GWNLOCK". "IV,
;or IT’O; .

Morl: CHAR? ;GET THE NEXT CHARACTER

XRI o ;IS IT AN "M"
1Bz LORD  ;IF SO GO TO LOAD

The command was not !M, so test for !LOCK, !INLOCK
{IRE, or PING.

~e e Ne N4

G0 RC ¢RESTORE CHARACTER
m IIL" ;Is IT AN '1‘" ?

P/ A Vr2 ;IF SO LOOK PR “OCK™
WORD? LOCK  ;AND IF FORND GOTO

CLOSE, OTHERWISE
RESTORE CHARACTER
ISTrA " ?

IF SO LOOK FOR ""MLACK
AND IF FORD GOTO

dd
3
“e Ne Ny ™p Ay

LBz OPEN ;OPEN, OTHERWISE
T7: Glo RC sRESTORE CHARACTER
XRI T JISIT "I 2

72




INTERROGATOR OONTROL/DATA LOGGER (PNAVIGR.MAC) MACRO-18 3.36
WOODS HOLE OCEANOGRAPHIC INST.

0865*

0868"
0869°
086B*
036D*
086E"
- 0871
0872’
0875"
0876’
0878"

0878’
087c’
087E'
0380*
0881’
0384'
0885’
08ss’
0889’
0888’

038E'
088F"
0391'
0893*
084"
0397’
0898’
089B°
089C’
089E*

ogar’
08A2°
08a4'
08a6'
08AT'
08aR"
08AB*

08B1'
081’
082’

0885’
08B’

CA 0875'

D4

0128°
0459°

9C

Ca 0939°
&C

C2 0B90'

53
0888"

R 238

0128°

CA 0939°
2 oF11’
B 50
CA Q8AE'
0128°
CA 0939'

C2 OF37°

Q0 08F9'

0145°

CA 0939

C
C
c+
C+

a0
++nnnnnnnn

() ()
AR

OCERN ENGINEERING
LBNZ, S?
WORD? TIME
18z LDTIM
82 GH RC
m "s"
1Bz I?
WORD?  SCED
182 LDSCED
I?: an RC
RI "I
1Bz PN
WRD? DIE
18z GFTO0
PN?: GO RC
RI "pr
IBNZ  NOOD
WRD? ING
v TXMIT
s *%*x ENTER ADDITICNAL
NOCsD:  LBR ERROUT

-

PAGE

:IF SO LOOK FOR "IME"
;IF FORND

:SET THE CLOCK
;IS IT AN “s™
:IF SO LOK FOR

;AND IF FOUND

LORD THE SCHEIULE

) w0

ISTIP AN "I ?
;IF SO LOOK FCR DLE
sAND IF FOUND RESET

;THE GO FLAG
;OTHERVWISE, IS IT
AP ?

;IF S0, LK FOR
;UING", AND IF FORD

:SEND A PING
"1" COMMANDS HERE **+

:GOTO0 ERROUT

:Determine the character which follows the §,

;it should be a "pP".

p?: CHAR?

73

;GET THE NEXT CHARACTER
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WOODS HOLE OCEANOGRAPHIC INST.

08B9"

FB 50

Ca 0939°
0 O7D9’

OOOGS_)Q

s N e Nes N Ne Nz N Kz Ee]

0gQeQQ002202029999°22227

OCEAN ENGINEERING
XRI P ;ISIT A "P" ?

*kxx ENTER ADDITIONAL “$" COMMANDS HERE *#

s e S

LANZ  ERROUT ;IF NOT GOTO ERROUT
GETFIG ;IS THE SYSTEM OPEN ?

LBDF RN ;IF IT IS GOTO RIN
NORUN: TYPMSG NO ;OTHERWISE, TYPE THE NO MSG.

LBR PRMOUT ;AND GOTO PRMOUT

;Atthispointan“camand“testshavehemmde.

.s ~o

INCLUDE ISACTON.MAC

sesokekokkdokkk ik ick -

* SACTON.MAC *
Skdcdckch oAkl

This block of code defines the action to be taken
upon the receipt of standard SAIL commands

N8 Ne wg we % ws N

IDENT: TYPMSG CRLFSP s IDENTIFY BY TYPING
TYPMSG NAME ; INSTRIMENT NAME AND
TYPMSG READY ;THE WORD READY

PRMOUT: TYPMSG PRMPT ;TYPE PROMPT SEQUENCE

LBR QDIN ;GET ANOTHER OOMMAND
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WOODS HOLE OCEANOGRAPHIC INST.

08F9'
08F9’
O8FA'
0src*
OSFE'
O8FF’
- mzl

o’
oS!
0912'
0914'
0916’
0917
0918’
091C’
091p*
091E'
0920°
092’
0322'

0925'
0927*
0928'
0929'
0928’
09!

0s2p’
092E'
0930'
0932'
0933
0936’

00CB*
059E"

CA 0939'
€0 OSED'

F8 01
Al

F8 01

A0 ']
O+++QQO ez e N Ne e K e X N Kz N K Kel

QA0

OCEAN ENGINEERING

ERROUT: TYPMSG ERROR ;TYPE ERROR SEQUENCE

LBR RSTFIG ;GOTO PRMPT VIA RESEF

« ~

:The response to the "H" command is to simply type
;the message stored in the help file.

élPQJT:‘l‘YPHSGBHP ;TYPE THE HELP MESSAGE

LBR PRMOUT ;GET NEXT COMMAND

o e

:The response to a “LOCK" command is to reset the
;System OPEN flag.

CLOSE: TYPMSG K ;SAY OK THEN RESET FLAG

RSTFLG: LDI G1H ;POINT AT SYSTEM FLAG

370) R7

SEX R7

DI OFEH ;MASK ALL BUT OPEN BIT
AND ;RESET THIS BIT

STR R7 ;STORE FLAG

LBR PRMOUT ;GET NEXT CCMMAND

:The response to a "!INIOCK" command is to set
;the system OPEN flag.

I3

OPEN: LDI OlE ;POINT AT SYSTEM FLAG

PLO R7

SEX R7

LDI O1H ;MASK ALL BUT OPEN BIT
OR ;SET THIS BIT

STR R7 ;STORE FLAG

TYPMSG K ;TYPE "OK" RD

LBR PRMOUT ;GET NEXT COMMAND

;Depending on the state of an error flag set
;after reading the UART status, the program

75
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0939’
093R’
0938’
093E'
093"
0942°

0946'
04T
094’

094D'
094D’
0948

0950'
0951'

0954'
0955’
0957
0959'
09%A*
095D"
095E*

095F"

0962'
0963’
0966°
0967'

0969*

0970'
0972°
0974°
0975’
978’
0979’

097A’

AOACHCAR
(=3
:

C3 08F9*

023C’
CA 0939’
00CB'*
03Dp0*

A 0939'
9A

021F*

CA 0939°

A
021F"
CA 0939"
00CB*
03D4'
CA 0939

AC

X K Xz e N e N Ko N Kz N Kz e Es N e K e}

22992°922°29

ann

C+
C+

Cc+
C+

C+
Cc+

C+
C+

C+
C+
C+
C+
Cc+

C+

;will either branch to MAIN, un-address, or
;output the error message.

ERVEC: GHI RC RECOVER STRTUS FLAG

.
v
-
’

SHL LOOP OPEN ?

LBDF  EXOT :IF SO EXIT

SHL ;RECEIVED A “#" ?
IBDF  DEVICE :IF S0 LOCK FOR NAME
SHL ;UART ERROR ?

LBDF  SAIL ;IF SO DE-ADDRESS
SHL, sOPERATOR ERROR ?
LBDF  ERROUT :IF SO SEND ERRCR MSG.
LBR EXIT ;NONE OF ABOVE, EXIT

The response to a "?M" is to type the contents of a
specified mmber of memory locatioms starting at
a specified address.

e Ny e ay o~
. ° ws

§
:
;

:GET STRART AND END

ERROR? sREACT TO ERRORS

TYPMSG CRLF ;TYPE A QR/IF

;TYPE MSB OF ADDRESS

PLO RC

QL TYPEC

ERROR? ¢REACT TO ERRORS

G0 RA ;TYPE LSB OF ADDRESS

PLO RC

CALL  TYPEC

ERRCR? sREACT TO ERRCRS
SPOUT: TYPMSG SP :TYPE A SPACE

BYTQUT: LDA RA ;GET A MEMORY BYTE
PLO RC ;TYPE IT
CALL,  TYPEC
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0978’

09!
097E*
09s8L’
982"
0983"
- 0986'
0987"
098A'
0988’
098D’

0991'

034!
094"
0926’
O9AT'

03AC'

09p2*

ozir’

o«

CA 0939°
2B

9B

CA o98n’
8B

C2 08D’
8A

FA OF
CA 099C'

D4
oocn’
03CF*
9C

Ch 0939
€0 095D"
8

F6

(B 096F"
0 0978°

c+
C
C+

(o] (2] [}
anﬁn O Lo ()(2

nnr)nnnnnnnnnnngannnnnongggnnnnnnnnnon

-
.
-
’

ERROR?

g%gagagaa

MACRO-18 3.36 PAGE  1-36

SPAUT
BYTOUT

;REACT TO ERRORS

;TEST FOR LAST LOCATION

;IF DONE PROMPT AND
GET NEXT COMMAND
OTHERWISE, TEST FOR

ae ma o we

;IF FOUND, TYPE ;

CONTINUE

NEXT LOCATICN EVEN ?
:IF SO, FIRST TYPE A
;SPACE. OTHERWISE,
:TYPE NEXT MEMORY BYTE

“~e mo

The response to a "!¥" is to load memory with data

:as it is input beginning at a specified address, and
:continuing wntil a carriage return is encountered.

’

LOAD:

LDADD:

%

SNEEHEES

EEFERNEREE

5&

77

;1S THE SYSTEM LOCKED ?

;IF SO, TYPE THE ERROR
;MESSAGE THEN PROMPT
OTHERWISE,
RESET THE SYSTEM
LOCK FLAG AND THE
COMPLETE BYTE FLAG

Se Sy e e

;GET START ADDRESS

sTEST FOR UART ERRORS
+IF FOUND GOTO ERVEC

;WAS THE LAST CHARACTER
1A SPACE ?

;IF SO LOAD DATA

;WAS THE CHARACTER A
;CARRIAGE RETURN ?
:IF S0 MODIFY COL. FLAG
JWAS THE CHARACTER A
;LINE FEED ?

:IF SO MODIFY COL. FLAG
;OTHERWISE, INDICATE AN ERROR
;POINT AT SYSTEM FLAG
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WOODS HOLE OCEANOGRAPHIC INST.

09D4'
09D5*
09D6*
09p8*
0sD9*

OAQR'

OACE'
OACF'

OAl4’
OA15*
OA17'
OA1n'
OAlB’
OALD'
0A20'
OA23'
OA24'

A7
E7
F8 9F
F2
57
D4

0145*

9C
QA 0939°

5%

SEREASERNREANR
g 8

3
2

"8 "8

FL803d80IRLIZAASRI 88ATI3AAS
38° 8° §° §

aaoaoaannan

nnnnnnnnnnnnongggnnonnnnngggnnnnnnnnnnnnnn

959°HE5E  QECRAJAEEERERA § g

HAERHERAEKELEER

OCEAN ENGINEERING

R7 ;RESET OOL. FLAG BITS
9FH
R7 ;STORE SYSTEM FLAG

INCHAR ;GET NEXT CHARACTER

sREARCT TO ERRORS

g

sCONVERT TO HEX

ZERO FOR GOOD OONVERT
REACT TO NON-HEX ENTRY
sPREPARE TO ASSEMBLE
;AN EIGHT BIT BYIE
+SHIFT HEX DIGIT FROM
sRA LOW TO RD HIGH

+ we =g

sEIGHT BIT BYTE ASSEMBLED ?

SIRE  ;IF SO STCRE IT, QTHERWISE
80H ¢SET THE COMPLETE BYTE FLAG

NXTD  ;AND GET THE NEXT HEX DIGIT
;THERE WAS A NON-HEX ENTRY

ERROUT ;IF THE BYTE WAS NOT COMPLETE
RC ;THIS IS AN ERRCR. IF THE BYTE
xR ;WAS OOMPLETE AND THE ENTRY
PRMOUT ;WAS A CARRIAGE RETURN, EXIT
RC JWAS THE ENTRY

SPACE ;A SPACE ?

NXTD  ;IF SO CONTINUE

RC ;WAS THE ENTRY A “;" ?

" ;IF SO SET THE COL. FLAG
CQOLSET ;AND CONTINUE. OTHERWISE
ERROUT ;INDICATE AN ERRCR AND EXIT
RA ;GET THE BYTE TO BE STORED
RB ;STORE IT

/8
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0a25*
On27°
OA28'
0A29'
OA2A’
0AZB'
OR2E"
- 0A30°
OA31"
OA32'
OA34*
O3S’
oA36'
OA39'
0A39"
OA3B'
OR3C”
oAD'
OA3E
o3
0a40°
043’
Ongq’
OA4T’
Ondn’
0p4c!
OR4D’
QR4E!
ORS1"
OAS3’
O0AS4*
ORSS'

Onsg'
OA58’
OR59'
ORSB’
ORSD'
ORSE'
061"
OR63'
OR64’
OR66'
067’
ORr69’
OAGA’
OAGB'

OA6C*
OA6D’

&

2
8

2A3BRIZHLITITR
3 2

8
8
5

C0 O9AF*

F8 OC

FoRIARIE
8 A

SE
4

aOONaGaOaaanonnnoo00nn

-+

o
+(+)QQOOOO(‘AOOGOQOOGOOOOOOOQGGQQ

@

*

QOOOOG()OGOO

LDI TEH
R7

R7
RB
NXTD
OlH
R?
R?
608

R?
LDADD

QEQSEEEEQ%QEE

R7

R7
LDADD

:
FYZEEYEEEEUEREN
5

o~

MACRO-18 3.36 PAGE 1-38

;RESET THE COMPLETE
:BYTE FLAG

; INCREMENT ADDRESS POINTER
;GET THE NEXT BYIE
sPOINT AT SYSTEM FLAG

:INDICATE RECEPTION CF
;™" BY SETTING OQL,.. FLAG
:SET THE FLAG

;GET NEXT ADDRESS

:IF COL. FLAG IS SET

MODIFY IT 7O REFLECT THE
RECEPTICN OF ETTHER A
CARRTAGE RETURN CR LINE FEED

e w8 wp

;IF THIS FLAG WAS NOT SET
JTHERE IS AN ERRCR
;RESET CARRIAGE RETURN BIT

STORE MODIFIED FLAG
GET NEW ADDRESS
RESET THE LINE FEED BIT

e w4 N4

;STCRE MODIFTED FLAG
sGET NEW RDDRESS

;The response to a ?C is to calculate the CRC of a

sspecified block of memory, beginning at a specified
;location. An erased block will cause the CLEAR

sto be typed.
CRC: TYPMSG RCS

Ln1 Low
PO RA

I HIGH
PHI RA

D1 OCH
SEX RA
STXD

SR RA
CALL  GET2HX

79

;TYPE RC

(CRCIO) ;SET RA TO POINT AT
THE 16 BIT CRC

CQONSTANT

ap mo ng

(CRC1O)

;SET THE CRC CONSTANT
:TO ZERO

;GET THE START ADDRESS




INTERROGATOR OONTROL/DATA LOGGER (PNAVLGR.MAC)
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OR6F"

QRT0'

0A73'
ORT75'
OR76'
OATT"
0n79*
OATA'
OATB'
oa7c!
ORTE'
QATF'
0ng2’
0as3’
OAg5*
OAs6'
0as7
0ag7’
0ass*
OAgA’
ORSB'
OnsC'
ORSF'
0R90'
QR93'
Ons4’
OA95’

On98’
0299*
OARSB'
OR9D'
ORSE'
CAAl’
0AR4'
O0Apd'
Qnrs'
OART"
OAR9*
ORAR'
ORAD'
OAAF'
QABO'
ORB2*
ORB3*
ORB4'

OABS'
OAB6'
OAB8'
ORB9*

OABA'
OABB'
OABD'

+

CO O8ED’

-

O
2Q0

GOOOOOOOGQQOOGOGOOGOOOGOO(‘)

90022299

2929

+

+

OQOOOGOQOOOOOOO

ERROR?

LDI 0lH
PLO R7

SEX R7

LDI 80H

R

STR R7

SEX RA

LDY OFFH
TR

LBZ CALLICC
SEX R7

LDI TFd
AND

STR R7
QA  CAICRC
DEC RB

G RB
IRz aoop
GHI RB
LRz aooe
LIN R7

SHL

LENF  CROOUT
TYPMSG CLEAR
LBR PRIOUT
TYPMSG BQS

EBEEESE
JREsEsE

LN RA
PLO RC
CALL  TYPEC
LBR PRMOUT

80

MACRO-18 3.36

(CrCHI)

(CRCHI)

PAGE 1-39
7AND BLOCK SIZE
;POINT TO SYSTEM FLAG

+SET THE CLEAR
JMEMORY FLAG

TEST A BYTE OF
MEMORY FOR THE
CLERR OONDITION
;IF CLEAR, CALCULATE
;OTHERWISE, RESET
sCLEAR MEMCRY FLAG

a8 Ne a4

;CALCULATE CRC

s DECREMENT BYTE COUNT
;TEST FOR CRC
;CALCULATION COMPLETE
;IF SO TEST FOR
;CLERR MEMORY

;GET SYSTEM FLAG
;LOCK AT CLEAR MEMORY
;IF SET, TYFE THE
sCLEAR MESSAGE AND

;GET NEXT COMMAND

’
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WOODS HOLE OCEANOGRAPHIC INST.

OACO’
CAC2'
- OAC3'
OACS'
0AC6*

OACT'
0acs’
OACA'

QADF’
ORDF'
OAEl’
ORE2'

OAEF'

OAF2'
OAF4'
OAFS'

OAFg8’
OAF9’
ORFB’

OAFD'

F8 01

F8 01
A7
07

C3 OAEA'
Q0 08Cs’

F8 FE
¥2
57

s e wg N

~s

UN:

x

~e ~o

OOOOOOOOGOGOOOOOOOOQQOOO()OOOOOOG

MVE:

s XN Xz Xt Ks Xs} O
acagQq
~e

aa aano
POOCQROQRRPEQ

OCEAN ENGINEERING

LDI 01H
PLO R7

LDI OFEd
AND

SiR R7
CALL:  GETHEX

RO
RB
RO
RO
RO
PRMOUT

EYNEAEEENAEER
&

GETFLG

R7

R7

§ 2850 5
E

CALL,  PHXIN
™ FROM
ERROR?

81

The response to a §P command is to run a program
beginning at a specified address. Prior to executing
this coomand, the X and P registers will be set to RO

;RESET THE SYSTEM
;LOCK FLAG

sGET START ADDRESS

REACT TO URRT ERRORS

-s wa

1
it
it ;

3
3

sSET X TO RO
;RN THE PROGRAM
sR3 LEFT POINTING HERE

The response to an M typed as the command is to move
;2 block of memory from a specified location to a
:specified location over a given length.

;IS THE SYSTEM LOCKED ?

;PROMPT FOR SOURCE

;GET SOURCE ADDRESS

;LOOK FOR ERRORS
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

OAFE' CA 0939' C+

C :
0B01° 8B C &0 RB sPLACE SOURCE ADDRESS
0B02* AA C PLO RA ;INRA
0BO3' 9B C GHL KRB
0B04' BA C PHI RA

C :
3 C CALI, PHXIN ;GET DESTINATION ADDRESS
0BOS' D4 Cc+
0B06' O1E6' C+
0BO8' O3ES' C ™ T

C ERROR? ;100K FOR ERRORS
oBOA' 9C C+
0BOB' CA 0939' c+

C H
OBOE' 8B C (e-1o) RB ;PLACE DESTINATION ADDRESS
OBOF' AD c PLO RD ;INRD
0B10' 9B C GHL RB
0Bl11' BD C PHL RD

C H

o QL PHON :GET BLOCK SIZE
0B12' M c+
0B13' 01B6" C+
0B15' 03EB' C w QVER

C ERROR? :LOOK FOR ERRORS
0B17* 9C C+
0B18' CA 0939' C+

o CALL  ASKK ;ASK FINAL PERMISSION
081B' M C+
0BI1C' 0113' C+

C ERROR? :LOCK FOR UART ERRORS
OBIE' 9C c+
OBIF* CA 0939° C+
0B22' §&C C dpo RC ;GET ANSWER
0B23' CA OSED' (o IBNZ  PRMOUT :IF NOT YES EXIT

C H
0B26' 4A C MOVIT: LDA RA ;GET A BYIE
0827 SD o STR RD ;STCRE IT
0B28' 1D C INC RD ;MVE TO NEXT DESTINATION
0B29' 2B (o DEC RB ;OOUNT STORE OPERATION
OB2A' 9B c 218 RB :TEST FOR BLOCK END
0B2B' CA 0B26' o 1BNZ  MWIT ;IF NOT AT BND
OBE' 8B C GO RB ;OONTINUE, OTHERWISE
OB2F' CA 0B26' C IBNZ2  MWVIT
0B32' (O OSED' o 18R PRMOUT ;GET NEXT COMMRAND

C :

C INCLUDE ITIME.MAC

C ;

C ; SR ARk AR kR Ak

o ; * JTIME.MAC *

C ; ARARAKKEKARAR

C ;

C :

C ; + SET AND READ THE SOFTWARE CLOCK +

C ;

82
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

FF17
FF18

0B35'
0B36'
0837

0B38'
0B3a*
0B3B'
0B3D'

OB3E'
OB3F’
0B41'
0B43'

0845’

0BS0’

0B51'
0B52'
0B54*
0855’
0B57'
0B58'

0B59°
0BSA'
0BSC'
0BSD'

n

0095°
03
F8 20
5A

0098’
02
F8 3A
5A

0095°
02
F8 TE

+ ¥

¥ ¥

OQOOOOOGGOOQO()OOOGOOOOOOOOOGOG(\O()Oﬂﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ

+

+

OOQOOO(\OO

;The response to a ?T command is to first disable
;further interrupts, then advance the clock. This
;"future”" time is then typed and a flag is set for
;the interrupt service routine prior to re-enabling
;interrupts and executing an idle instruction.

:This flag will cause the interrupt routine to quickly
;exit rather than advancing the clock. The interrupt
:re-activates the system, and an @ is typed as an
;immediate byte. This is the time tick.

:Define a byte of ram to be used as a flag word.
:Define the start of ASCII time message.

TICRK BWU GLOBAL+1TH ;TICK FLAG

TN BU TICK+OLH sASCIT HD
QUETIM: SEX B3 :DISABLE INTERRUPTS
DIS
B 3K

;Advance clock by one minute and convert this “future"
stime to an ASCII message string.

’

LDI LW (TICK) ;POINT TO TICK FLAG

PLO R7 ;USING REGISTER R7

LDl 014 :SET TICK FLAG

STR R7

CALL MICK ;ADVANCE TIME BY 1 MIN.
LDI LW {TICK+1)

PLO RA

GHI R7 ;USING RA, POINT TO
PHI RA ;ASCIT HINDREDS OF DAYS
LDI oW (HD) :POINT AT "“FUTURE" TIME
PLO R7 ;USING R7

CALL DTCA ;OONVERT DAYS TO ASCTI
DB 03H

1) SPACE ;STORE A SPACE

STR RA

INC RA

CALL DTOA ;CONVERT HOURS TO ASCII
DB 02H

LDI ;STORE A SEMI COLON
STR RA

e RA

CAlL, DrOA ;CONVERT MINS. TO ASCII
DB O2H

LDI STOP :STORE A STOP CHARACTER

83
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OBSF*

0B60*
0B61"
0B63*
0B65'
0B66°

0869’

0B6A"

0B6C'
0BOE'
OB6F
B72*
0B73'
0B75'
BT
78"
0878’
o|7c!
087D’
0B7E'
OBTF'

0B90’
0B91'
0B92'
0B93'
0895’
0896 '
0B98'
0B%9’
0B9B’
0B3C'
B9’
OBSE'

5

00CB*
0457*

CA 0939'
Cl OF4B’

ALY
4 B

SZBBAR
5

c

C

C+
c+
C+
C+
C+
C

Cc+
C+
C+
c+
Cc+
C

c+
C+
C+
C+

)

aa
OOQQ++QO(‘AOOOGOOO

NN OO0

STR RA

TYPMSG SPSP ;TYPE TWO SPACES

TYPMSG NXTM ;OUTPUT TIME AT NEXT @

TYPMSG SECS

SEX R3 ;RESET INTERRUPT HARDWARE

auT CLRINT

B 008

RET sENABLE INTERRUPTS

) ;] 33

IDL ;G0 TO SLEEP

TYPMSG AT ;SEND THE @

1BQ MSRSEQ ;MARE A MEASUREMENT (R

LBR PRMCOUT ;GET THE NEXT COMMAND
:This is the response to a !T command. The action taken is
;to stop the clock, disable interrupts, and input time code.
;Once the time code is input its ASCII bias is removed, then

;the resulting digits are stored in RAM starting at "HD". When
:nine digits have been input, (seconds must be 00) the system

;waits for the @. Upon receiving an @, the clock is allowed to
;run, interrupts are enabled, and a branch to QDIN is executed.

LDTIM: SEX R3 ;DISABLE INTERRUPTS

DIS

B 33H

LD LW (HD) ;POINT AT TIME DATA

PLO RA

LDI HIGH (HD)

PHI RA

LD OTH ;SET THE DIGIT OOUNTER

o RD ;FOR SEVEN DIGITS
INTIM: SEX R ;STOP THE CLOCK

aur STPAK

DB OO0H
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WOODS HOLE OCEANOGRAPHIC INST.

C
0BSF* D4 C+
OBAO*  0145' c+
oBA2' oC C
0BA3' FABF c
0BAS' BC C
oBA6' CA 0939° C

- C
oBA9' D4 C+
OBAA'  0058° C+
OBAC* 9C C
0BAD' (A 0BYC' c
0BB0' & C
0BB1' FF A0 (o
0BB3' C3 OBIC* C
0BB6' 8C C
OBB7* F6 C
0BR3' F6 c
0BB9' F6 C
OBBA' F6 C
0BBB' SA C
0BBC' 1A C
0BBD' 20 C
OBBE' 8D C
OBBF' (A 0B9C' C
0BC2' E3 c
0BC3' 64 C
oBCc4' 00 (o

C
|s' ™M C+
0BCe' 0145 c+
0BC8' &KC C+
0BC9' (A 0939 c+
0BCC' &€ c+
0BCD' FB 40 o
0BCF* CA 0OBC2' C
0BD2' 0 03BO’ C

o

C

C

(o

C

C

C

C

C

C

C

C

C

C

C

C

C

C

OCEAN ENGINEERING

CALL INCHAR
GHII RC
ANI OBFE
PHI RC
LBNZ ERVEC
CALL ATOH
aa RC
IBNZ  INTIM
(e-7¢) RC
™I OAOH
LBDF  INTIM
GLO RC
SHR
SHR
SHR
SHR
STR RA
INC RA
DEC RD
&an RD
LBNZ INTIM
AT?: SEX R3
T STPCLK
B 00H
CHAR?
XRI e
IBNZ AT?
LBR SAIL

e~

INCLUDE RAMTST.MAC

|

* RAMTST.MAC *

PAGE 1-4
JGET A CHARACTER

MASK "#" BIT

BRANCH TO ERVEC IF

&
g
5

é

!’

;IS IT A HEX NUMBER 2

;IF NOT, GET ANOTHER
sNRMBER.

;IS IT A DECIMAL NUMBER ?
;IF NOT, GET ANOTHER
;NMBER. TF IT V&S A
;DECIMAL NOMBER, MOVE
;IT TO THE LEAST

; STQUFICANT HALF OF
;THE ACCMULATOR AND

;IS IT AN "e" ?
;IF NOT KEEP LOKING
:IF SO, DE-ADDRESS

+ TEST RAM OVER SPECIFIED ARER +

e e NE s N N he ng v

The response to an "R" command is to first test the system

;flag, then, if this flag is set, to prompt for a start address
;and block size. If the system flag was not set, exit and
;indicate an operator error since the memory was protected.
;After the start address and block size have been input, type
;K 2 (Y/N)". If the operator types a "Y' in response to this
;question proceed with the RAM TEST. Load the entire specified
;block of RAM with a random number and verify a byte at a time.

35
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0C14’
ol

00CB*
0596

A 0939°

53
2

4BRI80AS
88

§2

&

20
2

& EE CEEBERE

GOOQQOQQ(‘AOOGOOO

Q
I

nnnnnng

Type the address of each compare failure and its XOR data.
Repeat the tests changing the random mumber with each pass.
sProgram will exit upon detecting a UART error, but since
;interrupts have been disabled, the system MUST be reset.

IR

iwrrsr: TYPHSG RMIST ;TYPE "am test"

%

;IS THE SYSTEM LOCKED?

SER ;IF SO, TYPE THE ERROR

IBIF  RSPEC sMESSAGE AND PROMPT

LBR NORIN ;OTHERWISE, RESET THE
RSPEC: SEX R7 ;SYSTEM LOCK FLAG

DI OFeH

AND

STR R7 ;THEN PROMPT FOR

CAlLL  GETZ2HX :START ADDRESS AND BLOCK SIZE

ERROR? sREACT TO ERRORS

GHI RA ;SAVE START ADDRESS

PHL R8 ;USING REGISTER RS

Qo RA

PLO RS

GHL RB :SAVE BLOCK SIZE

PHI R9 ;USING REGISTER R9

Glo RB

PIO R9

CAlL  ASKK ;ASK FINAL PERMISSION

ERROR? ;REACT TO UART ERRCRS

GO RC :GET ANSWER

1BNZ  PRMOUT ;EXIT IF NOT YES

TYPMSG CRLF ;OTHERWISE, TYFE A CR/LF

SEX R3 ;DISABLE INTERRUPTS

DIS ;TO STCP THE CLOX

8 KX: | ;AND FALSE RAM ERRORS

LDI T3H ;AND SET RANDOM KEY =

PHI RF ; 01110011

LDI HIGH (LDREGS)

86
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WOODS HOLE OCEANOGRAPHIC INST.

0C19*
OC1A'
ocic!
0cip!
OCIF’
0C20'
(Lovr
- 0C23'

0C34’
0C35!
0c37’

0C39*

OC3F*

BO

F8 27'
AO

F8 OC'
BE

F8 35'
AE

C0 0CSC!

SEEBBBRLBENE

0c26'

g7 °

FE3BERAERIAEAIARERIABILEEAY
i 8 £

a0 OO0 00000O00000O0O0000000O00000000

DRI

PHI
LDI
PLO
DI

PHI
LDI
PLO
LBR

RO

Low

RO
HIGH
RE

fe |

RE
NCYCLE

;SETUPROTOBE A

(LDREXGS)

s SUBROUTINE POINTER
(RAND)

;SET UP RE TO BE A
(RAND)

:SUBROUTDE POINTZR
sEXBECUTE RAM TEST

This is a subroutine which will load the next random
skey to the high half of register RD, the start address

:to register RA, and the block size to register RB.
;Using a subroutine here slows execution, but saves PROM.

LTOP:
LIREGS:

we NE mg me wp N

88

CNOL:

R02:

ONNO3:

EEEEASEHAAEAY
sEgsezsRREAn

IAYEEEYENEESBNEHAEEAREY

ég eagéaga

°F

2

8 Q@% 8

87

;BACK TO RAM TEST
sGET NEW KEY
sPASS TO RD

sGET START ADDRESS
¢PASS TO RA

sGET BLOCK SIZE
;PASS TO RB

sRETURN

This is a subroutine which will retwrn with a random
number in the high half of register RD. The random
mmber is generated by right shifting the modulo 2 sum
of bits 0,2,3,and 4 to bit 7.

sBACK TO RAM TEST
sKEY IS IN RD HIGH

:SET 10 FFH IF KEY
;IS NOW BQUAL TO 00

;TEST BIT 1
;ADD ONE IF SET

SKIP BIT 1
; TEST BIT 2
;ADD ONE IF SET

~e w8

sTEST BIT 3
;ADD ONE IF SET
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

0cs8’
0Cs9’

ocsC’
0CsD!
OCSE!
OCSFE*
- 0C60"

0caC’
0c9p’
0ca0*
ccat’

BD
€0 0C34'

g g

BEEQUHSHBOB8L2S8BELSREEB

288
g g

2eg”

E 5888H8%

(g} [}
QQOOOOOOGOQQQQQGO OO0 OOnn0n0 aOOOOOnNOO0nnn

n+

~e

NCYQLE:

PHI
LBR

B

4EEEARRERABNEREARR RS
gg@g@@?g ?QEEE@EQ@%?@EE g@

GHI RF
PHI RD
SEP RE
e:14 RD
PHI RF
LBR NCYQLE
PLO RD
TYPMSG CRLESP
GHI RA
PLO RC
CALL  TYPEC
ERROR?

GO RA
PLO RC
CAlL,  TYPEC

88

PAGE 1-47

;

LOAD REGISTERS
GENERATE A RANDCM NUMBER

~e wo

g8

MOVE POINTER
COUNT OPERATION

e me Ns wg N N

“

ga
e

RESET ALL REGISTERS
GENERATE A RANDCM NUMBER
sOOMPARE IT WITH RRM DATA
;IF DIFFERENT THERE IS
+AN ERRCR

s me mg w8

MWE POINTER
COUNT OPERATION

.“énﬁ
]

ALl SPECIFIED RAM
;BAS BEEN EXAMINED

;TYPE AN * AT END OF PASS

GET LAST KEY
THE RESULT
BECOMES NEW KEY

|

;MAKE ANOTHER PASS
7SAVE RESULT CF XOR
;MOVE TO NEXT LINE

;AND LOW BYTE
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FF36
FF38

FF3F
FF3E

FFd5
FF4A

021F'

9C
CA 0939

C+
C
C+
C+
C
C+
C+
c+
C+
C+
C
C
C
C+
Ct
C
C+
C+

an

e N N NN e e N e Ke N N e N K e e e N e N X Ne N N N e Nz s Ez N Ne e Ne Ny

ERROR? ;REACT TO ERRORS
TYPMSG SPSP :TYPE TWO SPACES AND
7o) RD ;THE RESULT OF THE XOR
PLO RC

CAll,  TYPEC

ERROR? sREACT TO UART ERRORS
18R NXTLOC sTEST THE NEXT LOCATION

~e ~e

INCLUDE ISCEDUL.MAC

* SCEDUL.MAC *

kkAkkkkkAkhkkk

+ SET THE INTERROGATOR SCHEDULE +

YT T Y IR TR TR YR YR W Y

This block of code will set the operating schedule
sof the interrogator. Two parameters are set via prompts,
sthe start time, and the measurement interval.

:Define decimal and ASCIT start times in RAM

’

DSHD BU GLOBALA30H
DSUM U DSHD+O6H
ASHD BU GLOBALA+38H
ASTH B ASHDAO4H
ASTM BYU ASTH+O3H
ASUM BU ASHD+O6H

;:Define decimal and ASCIT measurement interval in RAM

DI B  GLOBALMSH
AIRM B DIH%0SE

;Define a location in ram to hold the hex equivalent
;of the measurement interval.

-

HEXMI BN GLOBALA+24H
:Define another location for the number of minutes
:in hex to the next measurement. This number is only

89
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WOODS HOLE OCERNOGRAPHIC INST.

0465°

Ca 0939°
019"
FF32

03

FA FE
QA 0939°

CA 0939'

FB 20
CA 08F9'

s Ee e N Kz R e e Kz N e Nz KN Nz e N Nz e e N e

9929

(o]
OO0 nan nggng

Q Q
©0QQ0Q0QQQ

ANOCOONOnN

;valid if the schedule is active.

fmmmu

HEXQMI+2
IDSCED: LDI  LOW  (DSWM) ;POINT AT START TIME
FLO  R7 ;AND LOAD ZEROS
SEX  RT
IDI  OcH
STXD
STRD
STXD
STXD
STXD
STXD
SR KT ;R7 WAS POINTING TO SDED
IDI LW (GOFLG) ;DEARM SCHEDULER
PO RT :BY LOADING ZEROS
DI oM ;70 BOTH HALVES OF
SR RI :OF THE GO FLAG
IC R7
SR K7
TYPMSG  STDAY ;PROMPT FOR START DAY
QL  INDEC ;GET START DAY MD
N DSHD+2 ;STORE
B 0 : (THREE DIGITS)
@ R ;LOCK FOR ERRORS
N oFH ;MASK NON-DECTMAL EIT
IAZ  ERVEC SEXIT ON ERROR
@0 RC :TEST FOR SPACE
XRI  SPAE ;CONTIMEE IF FOUND
LBNZ  ERROUT ;OTHERWISE, INDICATE ERROR
TYPMSG  STHOUR ;PROMPT FOR START HOUR
CALL  INDEC ;GET START BOUR AND
N DSHDH ; STORE
B oM ; (TWO DIGITS)
1 ;LOOK FOR UART ERRCRS
N OFHH ;BY MASKING NON-DECTMAL
IRZ  ERVEC ;EXIT IF FORD
@0 KC ;LOCK FOR A SPACE
RI  SPAE :CONTINUE IF FORD
IAZ  ERROUT ;OTHERWISE INDICATE ERROR
TYPMSG  STMIN ;PROMPT FOR START MINUTE
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0D0%*
ODOA'
0poC!
ODCE'
ODOF*

op12*
- 0D13*
015’
o1’
opig*
0D19*
OD1B*
ODIE'
OD1F'
op21'
op24'
op2s'
op27*

OD2A'
0pz2B’
0p2D’

Op3o*

0D33'
0D34’
0D36*
on3g’
0D39'
OD3A'

0D42'

ODs5*
0D56°
ops7°
058’
0D59°
ODSA’

D4

00CB®
0482’

aC

CA 0939'

D4

0196
FF36

02

9C

FA FE
Q 0939°
8C

B 20
C2 op2a'

238

0D
08F9"*

2

5 328 g8

ZANEQREARITAEIIRAIIELAR
8

c+
c+
C+
C+
C+
C

C+
C+

OQOGOOQGOOOOOOOOOOO

-+

a le] o (2] (2] Q o
A0 On a o (g e aan (2] OOOQ+OQQ+

:
:

HERHEBEEBR®S
3

5
:

PAGE 150

:to hex, and stored in two locations.

INMINT: TYPMSG MERINT

CALL,  INDEC

DIHM+2

LW (DIEMH2)

SEHCEAEECENERABRACEAASS

91

;PROMPT FOR MEAS. INT.

sGET MEASUREMENT II7-RVAL

:AND STORE

: (THREE DIGITS)
LOCK FOR URRT ERRCRS
AND EXIT IF FOUND
INDICATE AN ERROR
LOOK FOR A SPACE
CONTINUE IF FOURD
;OTHERWISE,

LOK FOR A

as %o ws me e

-

E

CONT. IF FOND, OTHERWISE
;INDICATE AN OPERATCR ERROR
;POINT AT DEC. INT. U.M.

;POINT AT TENS DIGIT
/SET ADD OOUNTER
;AND TEST FOR ZERO
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WOODS HOLE OCEANOGRAFPHIC INST. OCEAN ENGINEERING

0D5B°
ODSE’
OD5E”
op6l’
ope2°
0D63°
D64’
- D67’
oD68’
0D63’
OD6A’
0DéD’
OD6E'
0D70’
0p71'
oD72°
o14*
op75*
oD76’
T’
OD7A'
opic!
oD’
ODTE’
OD7F’
opsQ’
opsl®
opg2'
0D83’
oDs4:
0D8S5’
086’
oDss’
0n89*
OD8B'

ODSE'
ODSF'
0D91’
0D93'
0D94'
an97’

OD3R’
0DsC’
oD9p*
ODSF*
0DAQ'

ODA3'
0Da4'
ODA6’
ODAS'

C2 0D67’
8

FC 0a
AA

x

8c

CA OD5E*
21

07

AC

C2 OD7A’
8

FC 64
AA

9A

C 00
BA

p. o

8C

Ca oDeéD'
F8 27
a7

8A

73

A

13

8

]

9A

57

8

FF 03
SA

TF 00
C3 OD9A'

Ao 0000000000000 0000000000000

AN OaOa00

OO0
PRQ

LBz
AD10: GO
ADI

AD100:

R4ENAYEYRYREEERARAEEAREERERNE

8

ik

LBR

-

AD100

2 2 B aaggaaagzzgagz

23

038

DRMINT

:

PAGE 1-51

;ADVANCE IF ZERO
;OTHERWISE, ADD OAH
:TO ACCRMULATOR

sCCUNT OPERATION

;OONTINUE TIIL: ZERO
;POINT AT HUNDREDS DIGIT
sSET ADD COUNTER

:IF ZERO QONVERT IS DONE
;OTHERWISE, ADD 64H
;TO ACCUMULATOR

s INCLUDE CARRY BIT
sCOUNT OPERATION

CONTINUE TILL ZERO

STORE RESULT COF
OONVERT AT MINOW

-
’
)
-
’
-
'3

;AND AT HEXMI

TEST RESULT AND IF
NOT GREATER THAN
2 TYPE AN ERROR
MESSAGE, OTHERWISE,
;SET ADDRESS POINTER

s w4 mE we N

;Set the data address pointer to its first location

SETAD: LDI
FLO
DI
STXD
LDX
STR
TYPMSG

Low
R7
OcH

108

R7
SPSP

92

(STRADDHL)

:STORE ADDRESS OF
;FIRST DATA BYTE

;ASK IF THIS SCHEDULE IS OK
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ODAS*  CA 0939'
ODAC* D4

OpAD'  00CB'
ODAF'  0423°
opBl* &C
oDB2'  CA 0939°
oBs' D4

0mB6'  0145°
omsg' K
ODB9' CA 0939'
opec' &€

0DBD' FB 59
OIBF' CA ODCB'
002’ F8 43
e A7

0DCS' F3 AR
ocr 57

oncg' 0 OSED!
B' F8 43
D' A7

ODCE' F8 00
omo' 57

o' 17

o2’ 57

OooD3* OO OSED'
OnDe' F8 30
0oD8* A7

0DD3' F8 38
ODDB' AA
ome' 97

oD BA
ORE' D4

ODF'  0095°
ODEl' 03

(E2' F8TE
ODE4' SA

ODES' 1A

ooEs' D4

ODE7'  0095°
0DES' 02

ODEA' F8 TE
ODEC' SA

orED' 1A

OEE' D4

ODEF'  0095'
OpFl' 02

C+
C

c+
c+
C+
c+
C+
C

C+
C+
C+
C+

?

+ ¥

+

(')OOG(‘AQOO0000GGOOOOOOOOGOOGOOOQOOOOGGOOOO

(]
°QQ

TYPMSG OK?

CHAR?

R o

LBNZ  DEARM

LDL LW

37) R7

LDI QARH

STR R7

LBR PRMOUT
DEARM: LDI Low

PLO R7

LDI 00t

STR R1

xC R7

STR R7

LBR PRMOUT

{GOF16)

(GOF1G)

PAGE  1-52

sGET RESPONSE

:The response to a ?S command is to convert the
;start time and transmission interval to an ASCIT
;message string, type the message, and return to Q0.

QRYSCED:1LDI e ]
R7
LW
RA
R7
RA
DTGA

FEEEE

SHYES
2

%
Q
B

LDI STCP

254
(4

93

(DSHD)
(ASHD)

sCONVERT START TIME
;TO ASCII
:STORE AT ASHD
;USING RA AS A POINTER

sCONVERT DAYS

STORE A STOP
BETWEEN DAYS AND

~e w4 %4 ~a

CONVERT HOURS

STORE A STOP
BETWEEN HOURS
AND MINUTES
OONVERT MINUTES

e Ny e o~
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ODF2*
ODF4'
ODFS*
0pFe’
ODF8'*
ODF9'
ODFB'

ODFC’
ODFD!
ODFF’
OE0Q*
OE02'

OE03'

F8 7E
SA
1A
F8 45
1Y)
F8 4A
RA

D4
0095
03
F8 TE
SA

B

0095'
02
F8 3A
SR

0095'

AOOOO0O000

o
+ ¥

AOOOOO0O 00

e

()
?Q

s e NNz Nes e Ke)

¥+

QOOOOOOO

LDI SToP
STR RA
INC RA
LDI Low
PLO R7
LD Low
FLO RA
DTOA

QEEFATE
§3EERRE

DB 03H
LDI SPACE
STR RA
INC RA
CALL, DroA
DB 02H
LDI e
STR RA
INC RA
CALL DroA
DB 024
LDI STOP
STR RA
TYPMSG SAT
TYPMSG NXTM

94

(D1HM)

(ATHY)

{TICK+1)

(HD)

PAGE 1-53

;STORE A STOP
;BETWEEN MINUTES

; AND TRAN. INT.
;CONVERT TANS. INT.
;AND STORE AT ATHM
;USING RA AS A POINTER

sCONVERT TRANSMISSION

:TYPE TWO SPRCES

;CONVERT TIME TO ASCII
;USING RA AS A POINTER

sCONVERT DAYS

sCONVERT MINUTES

;SAY AT
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OE35'
0E37*
OE39'
OE3A'

OE3D’
OE3E’
- OE40’
OE42'
0E43"

OE46"
OE4T'
QE49'
OE4B’
OEAC!

OE4F"
OES0’
0ES2'

OES5*

OEGR’

0E70'

0ET3'
0E74'
0E76"
OE78'
0E79’

OE7C’
OED'
CETF'
OES81’
OE82'

OESS5'
OE86*
OES8’

00CB*
FF18

9C

CA 0939*

D4

00cB’
0465°
9C

CA 0939°

D4

00CB*
FF38

9C

CA 0939'

D4

00CB'
0478'

9C

CA 0939'

c+
C+
c+
Cc+
C

Cc+
C+
c+
c+
C+
C

C+
c+
C+
c+
C+
C

C+
C+
C+
Cc+
Cc+
c

C+
C+
c+
C+
C+
c

C+
Cc+
C+
C+
Cc+
C

C+
C+
C+
c+
C+
c

C+
c+
c+
C+
C+
C

C+
C+
C+
C+
C+
C

C+
C+
c+

OCEAN ENGINEERING

95

PAGE  1-54

;TYPE CURRENT SCHEDULE
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OE8A' & C+
OESB' CA 0939 C+
OESE' F8 43 C DI o
OE30' A7 C PLO R?
OR91' 47 c LDA R7
OE92' B AA C XRI OAAH
OE94' CA OQEFS* C 1BNZ SNARM
- OE97' 07 C LDN R7

OE98' FB AA C XRI OAAH
OESA' CA OFO05' C LBNZ SARMI

c TYPMSG ACTIVE
OE9D' DM C+
OE9E' 00CB’ C+
OERO' 04c4° C+
OEA2‘ 9C C+
OEA3' (A 0939' C+
OER6' F8 26 (o LDI oW
CEAS' A7 C o R7
OEA9' 47 C LDA R7
OFAA' BRA C PHI RA
OEAB' 07 C LN R7
OEAC' AA (o PLO RA
OERD* 9A C (318 RA
OEAE' AC C FIO RC

o CALL,  TYPEC
OEAF' D4 c+
OEBO'  O021F' C+

C ERROR?
0EB2* & c+
OEB3* CA 0939' Cc+
OEB6' 8A C &0 RA
OEBT* AC C PLO RC

C CALL  TYPEC
OEB8' ™M Cc+
QEB9'  OQ21F* C+

o ERROR?
OEBB' oC C+
OEBC' (A (0339 c+

C TYPMSG MINREM
OEBF' DM C+
0BECO’  00CB* C+
ORC2' 04D1’ C+
0y’ oC C+
OBC5' CA 0939' c+

C TYPMSG PNIR
0BC8' D4 c+
0BEC9'  0OCB' C+
OECB' 0504' C+
0D 9¢C C+
OECE' CA 0939’ C+
OED1' F38 OE C 1DI Lo
OED3' A7 c PLO R7
OED4* 47 o LDA R7
OED5' BA C PHI RA
OED6* 07 C LN R7
OED7' AA C PLO RA

96

MACRO-18 3.36

PAGE 1-55

(GOFLG)
;IF GO FLAG IS SET
:SAY ACTIVE, AND
:INDICATE THE NUMBER
;OF MINUTES TO THE NEXT
;MEASUREMENT, OTHERWLSE
;TYPE THE CURRENT
;SYSTEM STATUS AND EXIT

(MINOW)
;GET HEX MINOW

sAND PLACE IN RA

:TYPE HI BYTE

;REACT TO ERRORS

;GET HEX MINOW LO

;TYPE 1O BYTE

;REACT TO ERRORS

;INDICATE POINTER LOCATION

(STRADD)

;GET CURRENT STORE ADDRESS
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CEDS*
OED3'

orF1l’

OFl4’
OF15’
oF17’
OF1A’
OF1C’
OF1D’
OF1E’

9A
AC

D4
021F"

aC
QA 0939°
&
AC

DM
Q21r"

9C
Ca 0939'
0 08ED"

8

I54338928%03
8§§

5

e NeNe!

OOOOOGOOOOOOGOOOOQQQ

)
R,

GHI RA
PLO RC
CALL.  TYPEC
ERROR?
GLO RA
PLO RC
CGALL  TYPEC
ERROR?
LBR PRMOUT
SAYIDL: TYPMSG IDLEL
LBR PRMOUT
SNARM: TYPMSG NOTARM
LBR PRMOUT
SARMI: TYPMSG ARMIDL
LBR PRMOUT

PAGE 1-56

:TYPE HI BYTE

;REACT TO ERRORS

;SAY IDLE AND EXIT
sSRY NOT ARMED

sSRY ARMED BUT IDILE

+AND EXIT

:The response to a “!IDLE" command is to test the go
;flag and if set, reset it. If the go flag is already
;reset, the message "Scheduler was NOT active {!" will be

ssent.

GFT00:

LDI Low {GOFLG)
PLO R7

LIN R7

XRI QARH

LBZ  SAYNOT

DI ood

STR R7
INC R7
STR R7

97
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

oF22'
orF24’
OF25'
OF28’
OF2B*
OF2B'
oFC!
- OF2E'
OF30'
OF31'
0F34'

0F37*
OF37'
OF38’

OF3A’
OF3B'

OF3F*
0F42'
0F43'
0F44'
OF45’

OF48’

OF4B’
OF4c’
OF4E'
OF4F"*

0113’

CA 0939°
CA 08ED'
63

C0 OSED'

C9 OFF7'

)
F8 17
Y

F8 00

C+
c+
c+
C

C

c+
c+
c+
C+
Cc+

QOOOOOGO

OOOGOOOQS_)OQ

AOOCAOANOOOOOONOOO0O0n00O00n00O000a0a0a0anan

1BR PRMOUT sNEXT COMMAND
SAYNOT: TYPMSG NOTACT ;FLAG WAS NOT SET
LBR PRMOUT sGET NEXT COMMAND

The response to a "!PING' command is to first ask "“OK 2"
and if a “Y" is the answer to trigger the pinger. Any other
answer will cause an exit to CMD.

Ne me NE N N

TXMT: CAlL  ASKK ¢ASK PERMISSION
ERROR? sREACT TO URRT ERRORS
GO RC sIS IT YES ?
IBNZ  PRMOUT ;IF NOT EXIT
SEX R3
T PING ;SEND PING
DB o
LBR PRMCUT +GET NEXT COMMAND

+ THIS IS THE INTERROGATOR MAIN PROGRAM +

I IR

:Define the locaticns in RAM which hold the current
:data address.

STRADD BU GLOBALAOEH ;STORE ADDRESS POINTER
;If Q is set it is time to begin a measurement sequence.

MAIN: LBNOQ  SHTDMN +SHUT DOWN IF NO Q

» we .

This is the measurement sequence. Since it is approximately
sone minute before the PING, enable interrupts to keep the
;clock running and stop processing for ane minute.

MSRSEQ: REQ ;INSURE THAT Q IS RESET
DI LoW (TICK) ;RESET THE TICK FLAG
™ L4
LDI 00H

98
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OCEAN ENGINEERING

WOODS HOLE, OCEANOGRAPHIC INST.

OFS1’
0FS2°
OF53*
OFS4'
oFs5*
OFs7*
ors8’
- OF%5A'
OFsB*
OFsC!

OFSD’
OFSE'
QF60’
OF62'

OF70'
0F72!
0F73'
OF74°

Orle’

OF83'

0373
OFg7"
Orgg’

57
E3
65
00
F8 62'

F8 14

00B7*
02

07

00B7*

27
07

* ¥

ngnnnnnnnnnnnnnnnnnnnnnnﬁnnnnnnnnnnnnnn

+

+QOOOOO

+

O(‘)()QQOOOGOQ

STR
SEX
T
DB

LDI
PLO

™
mL

R7
R3
CIRINT ;RESET INTERRUPT
O0H ;HARIMARE AND INSURE
LW (INTRPT)
Rl ;THAT R1 IS POINTING
HIGH {INTRPT)
Rl ;AT INTERRUPT BEFORE .-

s INTERRUPTS ARE. ENABLED.
334
DELAY ;CLOCK CAL. CONSTANT IS
067DH 7200 wS. (OSC. START UP)

JWAIT QNE MINUTE

:Restore measurement interval counter to its original value

RSTMI: LIDI

e we o~

L1

SEEHS QEEHY  QEEE

§HE

95%9ERREER

7o) (MINOW)

R7

Low (HEXMI)

RA ;POINT AT MEAS. INT.
R1 ;USING RA A
-RA ;THE POINTER

RA :GET OLD VALIE

R7 sAND DUPLICRTE IT
R7 sAT MINCW

RA

R

Convert current time to time code and store.

LW (iD+4) ;POINT AT WNITS OF HOURS
R7

R7 ;GET WOTS OF HOURS
RB

RSB2A ;SHIFT 4 BITS TO RA
044

R7 ;GET TENS OF HOURS
R7

RB

RSB2A :SHIFT 2 BITS TO RA
o

R7 ;GET \NITS OF DAYS
R7

RB

RSB2A ;SHIFT 4 BITS TO RA
04H

K7 sGET TENS OF DAYS
R7

99
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WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING
0F89' AB C PLO RB
C CALL RSB2A ;SHIFT 4 BITS TO RA
OF8A' D4 C+
OF8B* QOB7' Cc+
OFgD' o4 C DB O4H
OF8E' 27 C DEC R7 ;GET HUNDREDS OF DAYS
OF8F' Q7 C LIN R7
-0F90' AB C PLO RB
C CALL RSB2A ;SHIFT 2 BITS TO RA
0F91' M C+
0F92° 00B7' C+
0F94' 02 C ™ 02K
0F95' 8A C G0 RA ;GET LW BYTE
0F%6' AF C PLO RF ;SAVE IT
0F97* 9A C GHI RA ;GET HI BYTE
0F98' BF C PHL RF +SAVE IT
C ;
c ;This is the measurement sequence. RA, RB, and RC are
c sused as travel time ocoumters for F1, F2, and F3. RD is
o ;used as a time out counter. The measurement sequence will
o ;terminate when a reply from all three transponders has been
C :received, or RD rolls over to 0000. Since the counters are
C ;incremented at a 4 kHz rate, the maximm measurement time
C ;will not exceed 16.4 seconds.
C ;
0F99' F8 Q0 C SNDPNG: LDI 00 sRESET AlL COUNTERS
OFSB' AA C PLO RA
0F9C* BA C PHI RA
OF9D' 2B o PLO RB
OF9E' BB C PHI RB
OF9F' aC C PO RC
OFAQ' BC C PHI RC
OFAl' AD C PLO RD
OFA2' BD C PHI RD
OFA3' 4 C NOP
OFM' ¢4 C NP sMOVE PROGRAM POINTER TO
OFAS' 4 C NoP :TOP OF LAST PAGE.
0Fa6* ¢4 C NP
C :
c ;Wait for the leading edge of the 4 kHz timing sigmal.
C ;
OFA7' 3F AT® C VAITO: BN4 WATTO
OFA9' 37 A9' (o VAIT1: B4 VAIT1
0FAB' E3 (o SEX R3
OFAC' 63 C ouT PING ;PING
OFAD' 00 o DB 00"
C H
OFAE' 3F AE' (o W0: BN w sWAIT FOR THE NEXT
OFBO' 37 BO* C : B4 Vi ;RISING EDGE OF 4 KHZ
0FB2' 10 C e RD sCOUNT IT
C H
C :Begin looking for reply to ping, and incrementing counters
o :if the reply is not detected.
C :
OFB3* 34 B6' C Bl TEST2 ; INCREMENT COUNTER [F
OFB5' 1A C INC RA ;NO RECEPTION, OTHERWISE

100
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WOODS HOLE OCEANOGRAPHIC INST.

OFB6'
OrB3’
OFB9'
OFBB’
QFBC*
OFBD'
OFCo*
- OFC1'

. OFC4’
OFCS!
OFC7*
OFC8’
OFCy’
orcn
QFCC!
OFCF*
OFDO*

OFDL*

OFD2’

OFD3'

OFF4'
OFFS'
OFF6'

OFF7’

35 B9’
1B

36 BC®
1C

8D

CA OFAE'
9D

CA OFAE'

57

s ¥ Xe e e K Nz e R Rz e R K Xz Ke K e e e N N e He Ne Nz N N e e e N Ke Ee e Ne N e N e e K K2 s Xz HeEe Es Ne N He e e e e Ne N

:
8

TEST2: B2

TEST3:

TESTRD:

SAVIT:

-~

SE FYANEHIEHMREACHIHREERIARAECRIACEREAESEE BAEERRR

23§ gi"aé éQE?&QQ%BE@Qé@@@?@@?@@ﬁ@@ﬁéﬂggéﬂﬂ

2898

~e

101

MACRO-18 3.36 PAGE 1-60
TEST3 ;SKI® TO NEXT TEST
RB
TESTRD
RC
RD ;IF RD IS NOT ZERO
WO ;OONTINUE TESTING
RD ;AND INCREMENTING
wo ;OTHERWISE, STORE DATA
R7 ;USE R7 AS THE POINIER
LW (STRADD)
;GET CURRENT DATA
;ADDRESS
+TRANSFER TO RD

;STORE TRAVEL TIME A

;STCRE TRAVEL TIME B

;STORE TRAVEL TIME C

sSAVE CURRENT STORE ADDRESS

:

;SINCE THE CURRENT
sADDRESS IS WITHIN
;GLOBAL PAGE, RESET THE

R7 ;GO FLAG BOTH

R7 sHIGH AND LW

R7 ;AND SHUT DOWN
;LOCK POWER ON
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OFFB*

E3
62
00
n
i3
A
00

AOOO00O0n0

OCEAN ENGINEERING

PDLOOP: SEX
aur
DB
DIS
DB
RED
DL
BD

R3
PWRRST
00H

338

102

PAGE 1-61
;RESET POWER CONTROL
+FLIP F1OP
;DISABLE INTERRUPTS

;TURN POMER OFF AND
;WATT TILL IT DROPS




INTERROGATOR CONTROL/DATA LOGGER (PNAVLGR.MAC)
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MACROS:

CALL  CHAR?

SYMBOLS:

ACTIVE
ADDRS?
ALSTOP
ASTH
AT
BCDHEX
CALCRC
CLKTIC
CLRINT
CQMPAR
xR
CrOOUT
CTST
DEARM
DIFFER
DSHFT
BoL
ERVEC
EXDLY
EXTTR
GETCHR
GLOBAL
HELP
I?
INCTH
INMINT
LDADD
LETST
LTCP

SPACE
STACK

STRADD

04c4’
07BC'
OFEF"
FF3C

0457°
OD4E*
0253°
03n4*
0005

0128’
000D

ORA4'
012r*
0DCB'
0143'
098’
03Cr’
0939’
00B6'
004"
017!
FFOO

059E’
08gsg’
034A°
OD2A'
Q9RF"
o98a’
0c26'
0286"
FF26

OADF'
0cC!
0a4n’
0582°
ocr2!
0423°
oc4r’
O3EB'
0003

0433’
oDD6'
0BD5'
039A°
OBES'
0c34'
0875’
058C’
04B3'
0001

0078°
F000

0020

FFFF

0482°
FFOE

ERROR?

AD10
ADONE
ARMIDL
ASTK
AT?
BEL
CALL
CLOOP
QDIN
CONFIG
C&C
CRLF
DADONE
DECC
DIHM

MACRO-18 3.36

GETFLG RETURN TYPMSG WORD?

ODSE!
0094'
056D’
0594°
0BC2’
0007
003AT*
OATB'
07D’
0012
0A58'
03D0°
016C*
OORE'
FF45
FF36
03F3'
0003
0360°
o211"
019E’
FF43
FF24
08p2’
0196°
0BXC!
ocaT
000A
o2cn’
OF48’
o4n’
0B26"
014A'
oas1!
0000
FF18
OC3F*
0ocs4’
08B1'
089B'
003A
094D’
0c3s’
004BT"'
091’
0ACO'
0380"
OFC4’
045D’
0D9A’
0184’
OEF9*
OAER'
0007
00TE
01D0’

AD100
AERROR
ASHD
ASTM
ATOH

D67’
0081
FF38
FF3F
0058T"
OD7A’
OA8T'
o911’
0144'
080p*
FFOB
03p6*
0006
00a2°
o4a7
0095
043’
O12n'
03c4’
03DD'
016DI"'
FF10

ADBIAS

0097"
FF4A

0113*
FF3E

0108’
0978"
037"
0219'
OA2E'
02F2'

OR06'
0162'
07C9’

037A'
08F9*
038F*
0039’
0231’
orit’
0077*
00851"
01451°
0000*
00D7I*
0890’

02821"
0535'
082F'
03cC!
O82E'
0516'
o9D2’

oc4n’
0444'
Q1E6I'
O8ED'
0002
1000
0448’
00B7*
038a’

OF05'
Or2B'
0441’
01B5'
OFF7’
03D4'
03p3"
0478°

0g62’




INTERROGATOR CONTROL/DATA LOGGER (PMAVLGR.MAC)
WOODS HOLE OCEANOGRAPHIC II.ST.

TEST2 OFB6' TEST3
TICK FF17T TIME
TSTGF 0300 TSTHIC
TSTIME 0328 TSIQ
TXMIT OF37°  TYPADD
w FFi6  UNLOCK
VERIFY OC6A' WO
WATTL OFA9' WRITE
THEX 0252'  XGETH
XINTF  038E'

NO FATAL ERROR(S)

OFBY*
0459°
Q0A6"
02E4"
095p*
(411°
JFAL*
0C5p*
0195'

OCEAN ENGINEERING

TESTRD

OFBC*
03ES’
O00E9*
099C*
021F1
0ZB6°
OFBO'
0Cc8D’
01C9’

THRE?
TSTDA
TSTICK
TXT

tw

VERCYC
WAITO
WSTS
XNE

104

MACRO-18 1.36

oonc'!
0154°
0358’
010B'

0C6B"
OFR7"
00B2'
01C6"

PAGE

S-1
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